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GREECE 


Figure 1; Location of the Argive Plain on the Peloponnese in Southern 
Greece. For the last 5,000 years this area has been of great Strategic 
importance and often has served as a frontier with foreign cultures which 
had contact with Greece across the sea. 


INTRODUCTION 


The Argive Plain Project was designed to determine the late Quaternary environmental 
history of the Argive Plain (Figure 1), a coastal plain of 243 km? in the Peloponnese 
(Greece), and to relate its historic landscape changes to human impact, climatic and 
tectonic processes, or sea level fluctuations. These objectives were accomplished by a 
detailed analysis of the late Pleistocene and Holocene stratigraphy. The Argive Plain was 
chosen as the target for this investigation because of its archaeological significance and 
long, well documented cultural history (e. g. Hope — Simson 1981; Kilian 1984). Both 
factors probably relate to the geographic position of the plain, which at present encloses a 
large area of fertile soils and a coastline with some natural harbors. At least for the last 
5,000 years this area has been of great strategic importance and often has served as a 
frontier with foreign cultures which had contact with Greece across the sea. A 
geoarchaeological landscape reconstruction of this unusually important plain was expected 
to unveil the historic interrelation of human occupation and natural environment. The 
present study reconstructs the depositional history of the plain including the character of its 
landscape, the history of soil stability and instability, the quality of ancient soils, 
depositional rates, coastline shifts, and the development of the hydrological system. The 
Holocene depositional rate was another focal point of interest because of the potential 
burial and disappearance of prehistoric sites under recent alluvium. The history of coastline 
shifts was expected to reveal relative positions of archaeological sites such as Tiryns and 
Lerna to the sea and to indicate former natural harbors. To illuminate the environmental 
setting of Tiryns a special investigation was conducted around this site. 


Settlement History 


The earliest known human site in the Argive Plain is the late Middle Palaeolithic cave 
community at Kefalari (Reisch 1980; Perlés 1987). Based there, about 50,000 years ago, 
small groups of huntergatherers used to hunt for big game on the now submerged coastal 
plain. Both, Kefalari and Franchthi cave in the Southern Argolid, were inhabited during the 
subsequent Upper Palaeolithic period (35,000 — 10,500 BC). With the onset of the 
Mesolithic (10,500 BC) the climate improved rapidly, finally at 10,000 BP the glacial had 
been replaced by the postglacial Holocene period. Mesolithic habitation occurred mainly 
along the coasts using a diversity of food resources including fish and shellfish. There are 
no known sites from this period in the Argive Plain; possible settlements might have been 
drowned by the rapid sea level rise of 80 meters in 4,000 years. The Neolithic period saw 
the introduction of agriculture and herding and the invention of permanent settlements and 
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Figure 2: Map of the Argive Plain and its modern cities and villages. Contours at 100 m, 300 m, and 600 m. 


a complex social structure. Neolithic pottery was found in the Argive Plain at Lerna, Argos, 
Mycenae, Tiryns, and Prosymna. During the Early Bronze Age (Early Helladic period, 3200 
— 2150 BC) there were important settlements at Lerna, Mycenae and Tiryns, where a large 
circular building was erected (Kilian 1986). At the end of this period Lerna and many other 
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Figure 3: Late Bronze Age settlements in the Argive Plain. Redrawn from Kilian (1982). Sites which are 
mentioned in the text are labeled with their names. Archaeological investigation in the Argive Plain began 
with Heinrich Schliemann’s excavations at Mycenae and Tiryns a century ago and the plain has been a focal 
point for archaeological research ever since. 


places were destroyed. Inhabitation continued on a reduced scale at Lerna, Mycenae and 
Tiryns during the Middle Helladic period, while Argos was then occupied for the first time. 
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The number of sites in the Argive Plain rose distinctly during the Late Bronze Age (Late 
Helladic or Mycenaean period, 1650 — 1100 BC). At that time the citadels at Mycenae, 
Argos, Tiryns, Midea, Berbati, and Asine (Figure 2) achieved such prominence that they 
still are a major center of archaeological interest for the Mycenaean period (Kilian 1982; 
Dickinson 1977). The final palaces at Tiryns and Mycenae were constructed at about 1250 
BC and soon thereafter destroyed (1200 BC) and abandoned (1100 BC). During the 
subsequent Early Iron Age (1100 — 675 BC) Greek civilization followed a different path. 
Mycenae and Tiryns had become insignificant at the end of this period while Argos 
dominated the area. Breakthroughs are supposed to have occurred in 776 BC with the first 
Olympic Games which united the Greek tribes and around 725 BC when Homer wrote the 
Iliad. The Archaic period (675 — 480 BC) saw a population increase and a growing scarcity 
of arable land. Political quarrels caused Greeks to settle abroad, e.g. in southern Italy, 
Sicily, Egypt and along the coast of Asia Minor. Argos became one of the most prominent 
cities in Greece. Athens superseded it, however, soon thereafter during the Classical period 
(480 — 350 BC) which saw its peak in the formation of the Greek culture around 460 BC. 
Mycenae and Tiryns were destroyed by Argos in 468 BC. During the subsequent Hellenistic 
period (350 — 50 BC) the centers of Greek culture were shifted abroad to Alexandria 
(Egypt), Seleukia (Syria), Pergamon (Minor Asia) while the Greek mainland experienced 
economic and cultural decline. In Roman times (50 BC — 610 AD) Greece was first 
dominated by Roman politics and then became a province. The period was characterized 
by depopulation and economic stagnation with recovery in the later part. Early in the 
Byzantine period (610 — 1200 AD) Greece suffered from numerous attacks which 
devastated the country. Most of the Peloponnese including Argos was in Byzantine hands. 
From 1208 — 1388 AD the principality of the Peloponnese was surrendered to French 
aristocrats and French castles began to dominate the view of hills and ports on the 
Peloponnese. Nauplion (1210) and Argos (1212) fell to the Franks but were sold in 1388 to 
the Venetian Republic. Times of Venetian and Ottoman occupation alternated during the 
following centuries; Argos and Nauplion went through several wars between the Ottomans 
and Venetians during which the castle at Palamidi and Bourtzi were erected. Following the 
War of Liberation in 1821/22, Nauplion became the capital of Greece until the seat of 
government was transferred to Athens in 1834. 


Throughout these cultural ups and downs the Argive landscape evolved and changed with 
the civilizations that occupied it, partly from natural causes and partly by the interaction of 
man with nature. The geographically well defined Argive Plain and its key cultural position 
in Greece make it an excellent choice for the study of the consequences of human impact 
on landscape as well as of the impact of natural environmental changes on human occu- 
pation. 


Previous Work 


Archaeological investigations in the Argive Plain began with Schliemann’s excavations of 
Mycenae and Tiryns a century ago and the plain has been a focal point of archaeological 
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Figure 4: View from Tiryns towards Nauplion (south) in 1899. In 1832 the Expédition Scientifique de Morée 
had taken a core 200 m landward of the present beach in which marine deposits were found. It was thus 
certain that the coast had moved seaward. Kilian (1982) assumed the beach to have been slightly west of the 
road in the late Bronze Age. (Photo Courtesy of Deutsches Archdologisches Institut Athen, Neg.Nr. TIR 34). 


Figure 5: View from Tiryns toward Argos (NW) in 1904. The name of the Argive Plain is derived from its 
arable land. Homer and Aristotle mentioned the quality of the soils. (Photo Courtesy of Deutsches Archio- 
logisches Institut Athen, Neg.Nr. TIR 42). 


INTRODUCTION 


th ever since (Kilian 1984; Vermeule 1964). Despite today’s extensive archaeological 
ige of the Argolid some significant and not fully understood changes in settlement 
n remain a problem. Especially the cause of the rise and demise of the Mycenaean 
ture remains unclear and it has often been attributed to environmental changes 
ar nter 1966; Lamb 1967; Bryson et al. 1974; Lamb 1977: 421). Other cultural changes 
2 curred in the Early Bronze Age, in the Hellenistic, and Byzantine periods. Prior to this 
project, however, the landscape evolution of the Argive Plain has not been thoroughly 


a investigated. 


_ Homer described the plain 2700 years ago as “rich in wheat” and “horse feeding”. Aristotle 
(384 — 322 BC) wrote a short report on the changes in soil quality for the time from 1300 — 
300 BC, implying its importance in agriculture. Curtius (1851) says, “Argos” means “arable 
land”. Today, the Argive Plain is still, for Greece, regarded as unusually fertile. Despite the 
reports of these early writers and the high population density during the Bronze Age and 

‘ Classical periods, the only investigation concerning the distribution of soils in the Argive 

| Plain (Bintliff 1977) came to the conclusion that until recently much of the plain was a 

swamp with no economic significance. A thorough geographical study of the Argive Plain 

was published by Lehmann (1931; 1937), who distinguished two major soil units in the 

Argive Plain, without supplying a date for their deposition: “Gelberde” in the center and 

“Braunerde” toward the margin. He also recognized an intermediate unit which possesses 

the dark red color of the older Braunerde but chemical characteristics of the younger 

Gelberde (Blanck & Giesecke 1931). Bintliff (1977; 1981) linked the color differences of 

these soils to Vita-Finzi’s scheme of “Older Fill” and “Younger Fill” (Vita-Finzi 1969), and 

suggested ages of 50,000 — 20,000 years and 2,000 — 200 years, respectively. 


Since the Expédition Scientifique de Morée (Boblaye & Virlet 1883), which found marine 
sediments landward of the beach, it has been known that the shoreline of the Argive Plain 
Was regressing. Notwithstanding the lack of subsurface data most scholars assumed the old 
shoreline to have been far landward of the present coast (Gell 1810: 54; Philippson 1892: 
61; Schliemann 1885; Maull 1921: 64; Lehmann 1931: 42; Kraft 1972: 113; Bintliff 1977: 339; 
Kilian 1978: 468). In 1977, Kraft et al. drilled four holes along a traverse between Tiryns 
and the sea and provided more evidence of buried marine deposits inland of the present 
coast. Although all authors agree about a prehistoric shoreline landward of the present 
beach, the former extent of the sea had never fully been determined. 


Bedrock 


The grand relief of the Argive region is determined by the tectonic setting. The plain is a 
graben system bound by prominent faults (Angelier 1978; Dewey & Sengér 1979; Le 


Pichon & Angelier 1981). The last major tectonic movements on the Peloponnese took 
place during the Pliocene and early Pleistocene periods but some authors (Schroder & 
Kelletat 1976) have assumed that block movements continued throughout the Quaternary 


‘some faults are still active (van Andel, Zangger & Perissoratis 1990). 


Figure 6; Bedrock geology 
of the Argive Plain. (From 
1:50,000 geological maps of 
the Institute of Geology 
and Subsurface Research, 


Argive Plain 


IGME, Athens: Nauplion 


Sheet 1970, Argos Sheet 


1970). 
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The plain is at the boundary between two Hellenide zones, both of which are members of 
the central Hellenic nappe (Jacobshagen 1986). The Pindos zone in the western part of the 
Argolid consists mainly of pelagic sediments including Cretaceous limestone, Jurassic chert 
and middle Triassic limestone, flysch, marl, and diabase (Bannert & Bender 1968; Bach- 
mann & Risch 1979). The sediments of the Pelagonian platform in the eastern half of the 
field area were deposited in three major cycles, each beginning with shallow-water 
deposits and evolving toward pelagic sedimentation. The shallow water facies of these 
sequences dominate the mountains surrounding the plain. The western half is capped with 
Cretaceous limestone (Figure 6) while Pliocene lacustrine-fluvial marls are prominent in 
the north. Upper Triassic carbonate rocks predominate in the northeast, flysch in the east 
and finally lower Cretaceous limestone in the southeast, 


——s* 


METHODS 


The modern geomorphology is the result of previous landscape changes and serves as a 
base for the reconstruction of the past landscape. While the present physiography can be 
expressed with three dimensions, a reconstruction requires a complex, multi-dimensional 
model including time as a parameter as well as environmental properties like climate, 
fauna, and flora. 


For the present study it has been attempted to achieve an accurate landscape recon- 
struction by selecting a geographically confined area, considering as many environmental 
parameters as possible, and investigating each separately. Finally all data were combined 
for interpretation. Methods used in this study therefore focus on establishing a three- 
dimensional block model based on the present surface and the subsurface stratigraphy, on 
dating subsurface deposits, and on determining the past ecosystem and depositional 
environment. 


Present Physiography 


The investigation of the present physiography is based on maps, aerial photos, satellite 
images, and field checks. The following material was available: 


Topographic Maps 
1:50,000 »Die Ebene von Argos* produced by Dr. Herbert Lehmann primarily 
according to his own plane-table survey. Measurements finished in May 


1930. Kartographisches Zeichenbiro v. F. Bautz, Berlin. Contour interval 25 
meters. 


Greece — Edition 3-AMS, Sheet 1916 II and III, Argos and Nauplion; AMS 
Series M 708 and M 708 R. Prepared by the Army Map Service in 1951 by 
means of vertical aerial stereophotographs, scale approximately 1:42,000, 
taken in May — September 1945. Contour interval 20 meters. 


Geographical Service of the Army, Greece. Numbers 6374, 6375, 6384, 
6385, 6386, 6394, 6396, Based on aerial photos (scale 1:42,000) taken by 
the US army in September 1945. Responsible director: A. Sokos, super- 
visor: I. Nikolopoulos. Produced in 1952. Contour interval 20 meters. 


Geographical Service of the Army, Greece. Numbers: 6376/5, -/7, 6384/1-8, 
6385/1-8, 6386/1, -/3, -/5, /7, 6394/1-8, 6395/1-5, -/7, 6396/1, -/3, -/5, -/7. 


1:50,000 


1:20,000 


1: 5,000 
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on aerial photos from the 1960s and 1970s. Contour interval 0.5 m 
7.0 meters, 4 m above 20 meters above mean sea level. 


Institute of Geology and Subsurface Research, (IGME, Athens). Nauplion 
Sheet: Based on fieldwork of A. A. Tataris, G. A. Kallergis, and G. D. 
Kounis during the years 1963 and 1964. Published in 1970. Argos Sheet: 
Based on fieldwork of J. Papastamatiou, D. Vetoulis, A. Tataris, G. Christo- 
doulou, J. Bornova, N. Lalechos, and G. Kounis during the year 1960. 
Published in 1970. 


Ministry of Defense, Great Britain. Numbers and series: 33 to 46 P. ME/472 
- 680(PR)SQN. 28. Feb. 43 F/20; 3019 to 3037 WD730 — 680 SQN 21. July 
?44 F20; 333 to 344 S.ME/472 — 680(PR)SQN 28. Feb. 43 F/20; 4019 to 4037 
WD730 — 680SQN 21. July 1944. Supplied by Air Photo Library, Dept. of 
‘Geography, University of Keele, England. 


Landsat-1 scene identification #1010-08375 from August 2, 1972, black and 
' white print, scale 1:250,000. — Landsat-1 scene identification #111808384 
= from November 18, 1972, digital computer-compatible tape format (CCT). 


The 1:5,000 topographic maps have accurate contours at 0.5 m intervals in the plain. They 
supply information about the small scale topography in the coastal zone and allow one to 
‘ letermine the elevation of drill sites. They are also a useful tool for mapping Pleistocene 
t an: -and for recognizing different generations of fan building. 


_ The set of air photos from 1943 is not complete and of poor quality. However, since they 
were taken before the plain was covered with today’s extensive orange and apricot 
a ards they allow one to delineate geomorphologic units which are no longer recog- 
a> Methods, results, and usefulness of satellite image gtetpiplation in the Argive 


duration such as erosion, deposition, sea level change, tectonic move- 
Be, and human impact have altered the ancient landscape without 
a record at the present surface, but they may be recorded in the 
rapid sediment accumulation in coastal plains has the potential of pre- 


METHODS 


serving clues of the past environment. Physical and chemical properties refle 
transport and depositional environment of the sediment whereas 4 ssocia 
reveal the past biotope. Vertical changes of sediment properties » 
evolution. This geological record is preserved in a stratigraphic 
commonly buried under a thick, sometimes disturbed soil. 


Vertical sections show parallel, nearly horizontal layers which might have b 
two different processes. (1) By sedimentation: Sedimentation occurs when lc 
eroded, transported, and deposited. Thus times of enhanced sedimentation 1 
scape instability. (2) By soil genesis: Soil layers also occur parallel to the surf 
formed by weathering of surficial material. The generation of soil horizons takes p 
on stable surfaces and requires a long time; here soils record times of landscape 
Soil development may occur independently of geological units and is frequently 
with the stratification. Soils and sediments are thus units of different character, 
different processes and require different methods for their investigation. . 


Sediments are gee” by See size distribution, sedimentary structures, and pt 


addiiooaly mention color, texture, soil structure, clay films, and pedogenic carb 
(Birkeland 1984). The Soil Survey Staff handbook (1951; 1975) of the United States De - 
ment of Agriculture provides guidelines for the descriptions of soils, which were used — 
during this project. , 


Subsurface deposits can be observed in incised stream beds, man-made trenches, or are 
examined by drilling. The information from these three sources differs because of difer- 
ences in their location. Stream beds are natural, their shape and location are strictly define 
by physical laws, and erosion and deposition may occur in close proximity. Thus, eles 
posits in the vicinity of a river may differ significantly from those at the interfluve. The: * 
locations of drill holes, on the contrary, are designed by the investigator to pole 
maximum of information about the environmental setting as a whole. a 
Construction pits tend to occur randomly with respect to geologic features and provide a 
useful tool to add information and test hypotheses. Due to the construction of a water 
supply canal it was possible to obtain soil descriptions in 15 pits, several of which were 
to 6 m deep. Samples derived from these pits carry the signature [AP-SP] (for Argive Plain — 
Soil Profile), a number (1-15) and the ie of the cs horizon, e. g.: [AP-SP-12: ee 


graphic maps to obtain straight vertical traverses mah holes at sine ae 
meters. ua 
Two types of boring equipment were used: A hand auger and a bailer rig 
hand auger includes two sets (diameter of 10 and 7 cm) of five different bits 
extensions. The 10 cm diameter of the auger and the fact that the sampl 
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dentification of the stratigraphy and yield sufficient material for 
where this is present. The auger cores were described in 
logy, color, soil horizons, macrofossil contents, and depositional 
re taken for phosphate analysis, microfossil identification and 
ation such as [AP-81: 4.6 m] indicates the project (Argive Plain), 


1 le for the auger or where deeper holes were needed, power-drill holes 
local well drilling company. Using a bailer rig, eighteen such borings were 


oo, sand, and mud fractions of which the latter one was Gacieded. 
a as well a as the samples taken from the auger cores, were shipped 


bore holes and outcrops in the Argive Plain. Most of the 63 auger cores 
ng, five cross-sections (I — V). Five auger holes outside the cross-sections are 
: s and numbers (46 — 48, 53, 65). The locations of power-drill cores are 
led with a letter. Numbered black squares show places from 
> were taken while unnumbered squares indicate additional pits 
was observed but no further soil descriptions were made. Open 
re made and recorded by the Greek Service of Land 
pattern marks the area above 100 m, while the denser pattern 
deposits. The cores and profiles studied for the detailled 
und Tiryns are not taken into account in this diagram. <= 
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may be obtained directly from radiocarbon samples or indirectly based on associated 
-potsherds. Some datable pottery fragments were found in the profiles and cores; all these 
sherds are stored in the collection at Tiryns. 


A single buried sherd does not necessarily supply an age for the surrounding sediment. It 
might be older than the sediment, having been re-deposited at its final location. In bore 
holes the sherd might also have fallen from younger sediments higher up in the hole. 
While single sherds do not necessarily supply a definitive age, large numbers of sherds 
combined with radiocarbon dates and buried archaeological sites provide reliable dates for 
horizons and maximum ages for superjacent units. 


Archaeological dating of diagnostic potsherds from bore holes, outcrops, or surface sites 
was carried out by Klaus Kilian, Hans-Joachim Weisshaar, and Guntram Schénfeld from the 
Deutsches Archaologisches Institut in Athens. Many of the sherds were so small that only 
clay composition and manufacturing technique of pottery could be observed and only a 
very approximate age could be assigned. Peat, wood, and charcoal were radiocarbon dated 
by Dr. Herbert Haas of the Institute for the Study of Earth and Man in Dallas. Carbon 
samples smaller than one gram were accelerator-dated by Professor Dr. Wolfli at Eidgenés- 
sische Technische Hochschule Ziirich. 
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Figure 8: Flow diagram of methods applied to examine the stratigraphy. Information about the subsurface deposits was obtained through power- 
drill, auger cores, and outcrop descriptions (see Figure 7 for locations). Preparation of drill samples began in the field by wet sieving; description 
(shaded longitudinal beam) was begun in the field and completed in the laboratory, Outcrops were described according to the rules of the United 
States Department of Agriculture (Soil Survey Staff, 1951; 1975). Auger cores were described in the field and samples were taken for further analysis 


diocarbon samples. 


itable ra 


of microfossils and phosphate in the lab. Datable ceramics came from all three sources, but only auger cores provided su 
The total numbers of cores and outcrop descriptions does not include the special study of the stratigraphy at Tiryns. 
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Figure 9: The drainage system of the Argive Plain covers 1167 km’. the plain itself extends over 243 km‘. The 
highest elevation of the divide is 1771 meters at the Artemision mountains in the west (after Lehmann, 1937). 


PHYSIOGRAPHY 


The Argive Plain is at 37° 33! latitude and 22° 48! E longitude. The term plain is applied to 
an area extending from the coast to approximately the 100 m contour and covers 243 km? 
(Figure 9). It is surrounded by hills with steep slopes rising to 400 — 700 meter. The entire 
drainage system covers 1167 km*; the divide at its highest point lies at 1771 m above sea 
level. 


In terms of Quaternary deposits, the plain can be divided into three zones: First, there is 
the part from the coastline to approximately 5 m above sea level which is covered with late 
Holocene alluvium; second, early Holocene and Late Pleistocene soils occur from 5 — 25 m; 
third, Pleistocene alluvial fans cover the area from 25 — 100 m. The alluvial fans lie at the 
foot of steep bedrock slopes and surround the entire plain; between Lerna and Kiveri they 
even reach the sea. The fans to the north and east of the plain are particularly large. Fan 
surfaces are covered with late Pleistocene soils which are very dry and less fertile than the 
rest of the valley (Lehmann 1937). 


Depositional Environment 


The late Quaternary sediments of the central Argive Plain are true alluvia deposited by 
moving surface water, Most of them are streamflood deposits and overbank loams resulting 
from the infrequent but large inundations caused by flooding along ephemeral streams. 
Debris flow and grain flow deposits are limited to the channels of the extensive alluvial 
fans which surround the floodplain. In the Southern Argolid debris flows extend far down 
the small drainage, as do streamflood deposits. Pope & van Andel (1984) were able to 
relate these two facies to different modes and causes of slope destabilization. This is not 
possible for Holocene alluvial deposits in the Argive Plain because of its large size. Here a 
single cause of erosion may have resulted in different sedimentary sequences depending 
on the varying aspect and relief, on differences in vegetation, or on variations in precipitation. 


Regardless of their depositional facies, most of the Quaternary deposits in the Argive Plain 
have well developed soils. The vertical movement of water through the layers at the 
surface caused by precipitation and evaporation superimposes soil horizons which run 
parallel to the surface. This process requires a stable surface and time. Incipient soil 
development may appear after a surface has been exposed for a few hundred years, but in 
a subhumid or semiarid climate mature soils form only after a few thousand years. The 
amounts of pedogenic clay and calcium carbonate that accumulate in the B horizon, as 
well as the structure, consistency, and color of these soils, are criteria which can be used to 
estimate the time interval during which the strata have been exposed to the surface 
(Harden 1982). 
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contours on the 1:5,000 topographic maps suggest, the present small scale 
in ly determ ined by the deposition of sediment along the streams in the 
re 10). Such sediment ridges occur along the beds of the Inakhos and 


inter (Sauerwein 1971: 44), one of the largest streams on the Peloponnese. It does 
v supply any suspended load, because all sediment is trapped on the long 
) karst caverns before the stream exits at Kefalari. 


the Inakhos is ephemeral, but its floods have not been described in the 
Pausanias, travelling through Greece in the second century A. D., could hardly 
at the Inakhos had springs. Dodwell (1819: 223) visited Argos on December 15, 
stated: “Even in the month of December there was not a drop of water in its 
Even so, floods do occur approximately every fifteen years. According to the 
ople the most recent flood of the Inakhos and Manessi Rivers took place in 
9. These sporadic floods generally last only one day but Argos and Nea Kios suffer 
. Other streams behave similarly; the Xerias at Agia Triada and the Kleisoura at 
reported to have had floods fifteen and twenty-five years ago, respectively, 


“The magnitude of the floods depends on the size of the drainage. Lehmann (1937: 52) 
ef phasized that it is not the length of time during which a creek carries water but the 
nagnitude of the floods which accounts for the erosional force of a stream. As a result, 

ar i | inage size and magnitude of floods also determine the amount of sediment transported 
and deposited by the Inakhos and other ephemeral streams. Several other sediment ridges 
.. seem to indicate levees of former streams which are no longer active. One of these flowed 

: than 1 km east of the Inakhos, another one must have existed about 1 km north of 
Nauplion. Two minor alluvial cones exist south and east of Tiryns. Some irregularity in the 


_ contour pattern might indicate another stream 1.5 km NW of Tiryns, 
«Until recently both sides of the coastal plain were marshes, as is indicated on Lehmann’s 


_ map from 1937. Conversely, the central coastal plain has been dry for a long time. There, 
_ the accumulation of Inakhos’ levee and floodplain deposits allowed a settlement to be 
established at the location of the modern village Nea Kios. According to unexcavated 


€ topography of the coastal plain is mainly determined by the sediment 
along the Inakhos River. This information was extracted from 1:5,000 scale 
intervals occur every 0.5 meters between 0.0 and 7.0 meter above sea level, 
intervals between 7.0 and 10 meters elevation. Areas below 0.5 meters and 
fs are emphasized with shading. Nauplion is marked with dots. Sediment 
8 possible former streams are indicated by arrows. The Inakhos has not 
because the detrital material supplied from its occasional floods is carried 
ngshore current. The sediment accumulates along the present beach and 
of the mound of the overbank loam the center of the plain drier than eo 
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Figure AA: Sandy beach at the eastern side of the Figure 12: Gravel beach at the western side of the 
Inakhos’ mouth. Inakhos’ mouth 


constructions and historical descriptions (Curtius 1851) the place has been inhabited since 
Classical times when there was a site called Temenion in the vicinity. 

Despite the sediment accumulation at the Inakhos’ mouth, no delta developed and the 
coastline does not parallel the contours along the stream. Instead. the sea transports and 
redeposits the Inakhos’ load. During the long intervals of nondeposition material is eroded 
at the mouth of the Inakhos. After heavy rains in the winter a yellow cloud of suspended 
sediment forms where the Inakhos meets the sea and travels slowly westward. Even when 


the wind is blowing from the south and southwest the longshore current continues to 
travel westward. 


Because of this westward longshore drift the beach east of the Inakhos’ mouth is 
essentially free of gravel (Figure 11) while the western shore consists of gravel only 
(Figure 12). The redeposited sediment accumulates along the shoreline and aes a beach 
barrier which separates the wetland west of Nea Kios from the coast (Figure 13). 
Topographic cross-sections (Figure 14) reflect the gradual change from open miaish in the 
east to a barrier-environment in the west. The slope of the sea floor nearshore accordingly 
changes from convex to concave. is 
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Figure 13: The beach barrier between Nea Kios and Mili was used as a foundation for the modern road 
leading along the shore. The barrier becomes apparent in this photograph taken after heavy winter rains 


which resulted in ponds of standing water in the backshore marsh near Nea Kios. 


Human activity has increasingly altered the natural coastal setting. The stable foundation 
supplied by the beach barrier was used to construct a road which now isolates the 
backshore from the beach. The marshes at Nea Kios and Tiryns were drained during the 
nineteenth century. The Inakhos was channelized. Breakwaters were built at Nea Kios and 
Mili. Today the littoral zone at Tiryns is being filled with Nauplion’s city debris. 

In conclusion, the present day coastal plain is shaped by three factors: the sediment supply 
of the Inakhos river, the westward longshore current, and human activity. With the sub- 
surface record the interaction of these and other forces in the past can be determined. 
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Sixty-three auger cores and 10 power holes were drilled along 5 traverses extending inland 
from the present coast perpendicular to the contours. The locations of these cross-sections 
are shown in Figure 7. Not all holes were precisely on the straight lines from which the 
surface topography for Figires 16— 20 were taken. The elevation of cores slightly outside 
of the profile thus may differ from the corresponding elevation of the section’s surface and 
some cores in Figures 16— 20 begin above or below the surface contour. 


The power drilling with the bailer rig does not provide the same precise stratigraphy as 
that from an auger core. Therefore the depth of the stratigraphic boundaries in drill holes is 
less certain than the ones in auger cores, 


The Holocene stratigraphic sequence turned out to be complex but informative. All cross- 
sections show a general trend: The Holocene deposits are up to 8 m thick and rest on 
Pleistocene red beds. The Holocene sequence begins usually with subaqueous sediments 
which were deposited during the post-glacial sea level rise. The present surface usually 
consists of several meters of floodplain deposits and overbank loams which have silted up 
the former bay. Thus, the Holocene coastal plain deposits reflect a transgressive sequence 
followed by a regressive one with an average deposition rate of ca. 0.8 meter per 1,000 
years. 

The texture of each individual layer found in the auger cores was plotted in a Folk diagram 
(Folk 1980) to display the texture distribution pattern of the deposits (Figure 15). The 
numbers represent the percentage of each texture out of a total of 283 observations. The 
most common texture is silt: two thirds of all deposits consist entirely or dominantly of silt. 
Gravel and pure sand are rare but occur in mixtures with silt. 


The deposits are given approximate ages according to their stratigraphic position, their soil 
characteristics, and the presence of undiagnostic pottery which indicates an age of less 
than ca. 7,000 years when the first pottery appeared in the area. Absolute ages were 
obtained from five radiocarbon samples. In addition, datable ceramics were found at 
twenty different points in the cores and yielded dates post quem for the overlying deposits. 


Figure 14: Topographic cross-sections reflect the gradual change from non-barrier- in the east 
to barrier-environment in the west. While the grain size of the beach deposits changes from 
igre pure mud in the east to gravel and coarse sand in the west, the slope of the sea bottom 
reverses from concave to convex. The locations of these cross-sections are shown in Figure 72 
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Figure 15; The texture of 283 layers was taken from the auger core descriptions and plotted in a Folk diagram 
(Folk, 1980). The figure shows the percentage for each textural type. The most common texture is silt; two 


thirds of all deposits consist entirely or dominantly of silt. Gravel and pure sand are rare, and generally are 
mixed with silt. 
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Auger Sample —_ Lab. Number Uncalibrated Age 


Half Life 5568 


AP-10: 3.4m SMU 1643 4027 + 155 BP 


AP-19:5.0m ETH 043-0445 6240 + 125 BP out of range 25.2 % 
AP-41:3.6 m SMU 1604 5770+ 90 BP 4660 + 120 BC 
AP-49: 5.8 m SMU 1605 5030+ 60 BP 3820 + 100 BC 

7490+ 70BP 6330 + 100 BC 


AP-54: 7.2 m SMU 1865 


Calibrated Age 


2564 + 220 BC 


8 13C/12C 


25 


Table 2: Radiocarbon dates from auger core samples. Sample [AP-19: 5.0 m] was dated in an accelerator at 
ETH Zirich. Calibrations were made after Stuiver & Pearson (1986). All material suitable for radiocarbon 
dating was depositied prior to or during the maximum transgression in the mid-Holocene. 


Core Depth Archaeological Period Absolute Date Artifacts 
AP-08: 1.5m LH 1650 —1100 BC kylix base fragment 
AP-11: 2.7m MH 2150 —1650 BC 
AP-13: 1.5m LH Ill A/B 1400 —1200 BC idol 
AP-19: 2.7m EH Il 2800 —2350 BC 
AP-19 5.2-5.8m M — L Neolithic 5000 —4000 BC 
AP-19: 5.6-5.8m Neolithic 6000 —3000 BC inside polished 
AP-25: 2.4m LH? 1650 -—1100 BC 
AP-25: 6.6m EH? 3200 —2150 BC 
AP-30: 3.2m Hellenistic 250- 50BC 
AP-52: 2.1m post-LH after 1100 BC 
AP-52: 2.3m post-LH after 1100 BC 
AP-67: 1.6m Classical/Hellenistic 350 -— 250 BC glazed 
AP-67: 1.9m LH or older before 1650 BC 
AP-67: 2.0m LH or older before 1650 BC 
AP-68: 0.9m EH 3200 -—2150 BC 
AP-76: 3.5m LH IIB 1300 —1200 BC 
AP-77: 0.0-0.4m Byzantine 800 —1400 AD 
AP-79: 2.2m Neolithic 6000 -3000 BC 
AP-81: 4.6m Neolithic —- MH 6000 —1650 BC cooking pot or cooking ware 
AP-82: 1.6-2.1m Archaic and later after 675BC 
———= 


Table 3: Diagnostic potsherds from auger cores. See Appendix I for chronological timetable. 


Cross-Section I 


Re 


The westernmost cross-section (I) consists of eight auger cores and two drill holes (Figure 
16). The traverse extends 3 km from the ancient site of Magoula to the present coast. The 
deepest drill hole [AP-E] reached a depth of 17 m. The lowest unit found in most cores was 
a well consolidated red bed (paleosol, 2.5YR to 7.5YR) with pedogenic calcite concretions 
larger than 1 cm in diameter. Only power hole [AP-E] penetrated this at least 5 m thick 
paleosol and reached a 2 m thick coarse sand/fine-gravel layer in 13 — 14 meters, and 
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ended in consolidated yellowish deposits with calcite concretions several centimeters in 
diameter. Near the present coast the upper boundary of the red paleosol lies at a depth of 
6.0 to 6.5 m. Inland near the end of the section at Magoula it reaches the surface and 
finally crops out west of the Mili-Argos road, 


In the western part of the section (holes 69, 68, 43), the red bed is covered by an uncon- 
solidated, dark yellowish brown (10YR4/4), silty alluvium, up to 3 m thick, which contains 
undiagnostic potsherds in the uppermost 50 cm and Early Helladic sherds on its former 
surface. A buried A horizon of the paleosol seems to be preserved locally on top of the 
alluvium (core 68 and 43). 


Farther east (43, 41, [AP-E], 42, 45) the red beds are overlain by bluish gray (5BG4/1) to 
black subaqueous deposits which consist mainly of clay and organic matter. The contact 
between red bed and subaqueous deposits is often sharp and not transitional. In cores 69, 
43 and 45, however, a preserved A horizon was found on the red bed. Elsewhere, the A 
horizon is absent and the contact was evidently erosional. The subaqueous deposits are 5.0 
to 6.5 m thick, in general homogeneous, with intercalated 10 — 20 cm thick layers of peat 
and thin horizons enriched in gastropod fragments. A peat layer in 3.6 m depth in core 41 
yielded a calibrated radiocarbon age of 4660 + 120 BC, 


In core 43 the subaqueous deposits are superimposed on the alluvium. Thus the alluvium 
must be older than the upper wetland deposits.-The subaqueous sediments are uncovered 
on the seaward side while the alluvium crops out on the landward side of the traverse. 
However, in most cores the uppermost 0.4 to 1.1 m of both units seem to be altered by 
man. 

Drill hole [AP-G] was about 30 m from the coast and penetrated 5.5 m of homogeneous 
gravel deposits. The pebbles found there were well rounded, several centimeters in 
diameter, well sorted, and grain supported. The hole collapsed before the base of the 


gravel was reached. 


Cross-Section II 


Cross-section II (Figure 17) consists of nine auger cores and two power drill holes and 
extends 5 km from the modern town of Argos to the sea. Drill holes [AP-Q] and [AP-I] were 
13 m and 30 m deep, respectively. The lowest unit found in this cross-section is again a 
consolidated red bed (SYR). Only three auger cores (79, 78, 67) reached the surface of this 
paleosol. Further penetration with a handcoring device was not possible. 


The red paleosol ends in most places (79, 78, 67, [AP-I], 54) in an up to 1 m thick, dark 
brown (10YR4/1 to 10YR3/4), clayrich A horizon. A subaqueous deposit overlies this 
buried surface. The A horizon was probably altered by the drowning. The subaqueous 
deposits are several meters thick and extend over the entire cross-section. As in cross- 
section I they are rich in clay and intercalated by peat and humus layers. 


In cores 49 and 54 peat layers reached a thickness of 1.5 m. Radiocarbon dates from these 
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rse subaqueous deposits extend inland to the edge of Argos. The alluvial 
buried, disturbed A-horizon with many pottery fragments of Neolithic to 


s clearly visible on the surface contour. 


Figure 17: Cross-section Il from Argos to the present coast. In this trave 


cover in this profile is much thicker than in section I and contains a 


Hellenistic age. Two colluvial units occur near Argos. The beach barrier i 


STRATIGRAPHY 29 


two layers yielded calibrated ages of 6330 + 100 BC [AP-54: 7.2 m] and 3820 + 100 BC [AP- 
49: 5.8 m] respectively. 

Up to 5 m of alluvium rest on the subaqueous sediments. The alluvial sequence begins 
with a 2 — 3 m thick, silty, overbank loam (10YR3/3). The surface of this unit must have 
been exposed for a long period because most auger cores revealed a well developed 
buried A horizon. In cores 82, 79, 67, and 52 many sherds of Neolithic to Hellenistic age 
were found in this A horizon. 

Today this ancient surface is buried by 1 —- 2 m of younger deposits which are hard to 
classify from bore hole samples. The dark brown color (0YR3/3) and lithology point to a 
thick disturbed A horizon perhaps from a swamp or marsh. In adjacent construction pits 
[AP-SP-14] a corresponding deposit was found which quite clearly was formed in a bog 
environment. 

Near Argos the lower subaqueous unit and the overlying alluvium are separated by a distal 
colluvial deposit. The grain size of this sediment (sandy gravel to clayey sand) decreases 
with distance from the bedrock hinterland. A similar but finer grained alluvial unit occurs 
between the buried A horizon and the present disturbed surface. 


Although no drill holes were produced at the present beach in this section, the surface 
topography and the fact that the beach consists entirely of gravel indicate a gravel barrier 


there. 


Cross-Section III 


Cross-section III (Figure 18) is located just east of the center of the plain where the relief 
between the coast and the 5 m contour is steepest. This, the first profile cored during the 
Argive Plain Project, was chosen to obtain a complete Holocene stratigraphy over a 
relatively short distance. The traverse consists of 15 auger cores and 2 drill holes. It is 
approximately 2.2 km long. The deepest power hole [AP-D] was 30 m. 

The sequence (Figure 18) begins with two buried paleosols of which the lower one at 12 — 
14 m depth was found only in the power drill holes [AP-O] and [AP-D]. The upper one, 7 
m thick, is well consolidated and most auger cores terminated at its surface. This unit is 
typically red (7.5YR4/6 to 10YR4/6) and contains rather fragile pedogenic calcite nodules 
of 5 — 10 mm. It terminates in a 1 m thick, dark brown (10YR3/2), clay-rich A horizon. 


The first alluvial phase occurred before the maximum Holocene transgression. It deposited 
an approximately 1 m thick layer of mud and fine gravel in the middle of this traverse and 
was found in cores 12, 13, 10, 11, 5, [AP-D], and 4. The color ranges from dark yellowish 
brown (10YR4/6) to orange brown. 

This early alluvium is overlain by marine gravelly mud in holes 5, [AP-D], and 4 which 
farther south cover the paleo A horizon. Their color ranges from black to gray (7YR5/0), to 
dark gray (7YR4/0) and dark greenish gray (5BG4/1). Roots and plant material are 


abundant in this unit. 
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The plant cover on top of the marine deposits must have extended farther landward. An A 
horizon with organic matter, roots, and a high phosphate content is preserved in holes 12, 
13, 10, and 11 at an elevation corresponding to the marine deposits. This buried A horizon 
belongs to a second alluvial phase which took place before or during the maximum 
Holocene transgression and again produced a stable surface, which was disturbed and 
burnt. A radiocarbon date from charcoal in core [AP-10: 3.4 m] was dated to be 2564 + 220 
BC. Marsh deposits (muddy sand, very dark grayish brown, 10YR3/2) including a sherd of 
Neolithic to Middle Helladic age were found under this second alluvium in core 81. 


The third and uppermost 2 — 3 m thick alluvium is very homogeneous and not stratified; its 
color ranges between dark- and gray brown. It contains sherds of Middle and Late Helladic 
age in [AP-11: 2.7 m] and [AP-08: 1.5 ml, respectively. Byzantine ceramics are common on 
the present surface near core 77. 


Cross-Section IV 


Cross-section IV is located entirely on the prison grounds near Tiryns. It extends 2 km 
northwestward from the present shore and ends 250 m south of the Tiryns citadel. The 
traverse consists of 16 auger cores and 2 drill holes (Figure 19). Most auger cores 
terminated in a Pleistocene red bed comparable to the one found in the previous sections. 
This deposit is well consolidated but locally lacks large pedogenic calcite concretions. Its 
color is typically yellowish red (SYR4/6). In cores 27 and 29 the red bed has gone through 
postdepositional alteration possibly due to a freshwater spring in the vicinity: the calcite 
content increased and the color changed to a light pink. 

In almost all cores the basal red bed upper end is a less than 1 m thick, dark brown 
(7.5YR4/4), clay-rich paleosol which occasionally contains small charcoal pieces. Core 72 
yielded an undiagnostic sherd from this layer. On the seaward side of the profile the 
paleosol is covered by a second soil less than 1 m thick, dark brown to dark gray, homo- 
geneous, and clay-rich. It contains abundant root remains and near the sea a few marine 
gastropods, characteristics typical of an A horizon altered by drowning. One undiagnostic 
sherd was found in [AP-39: 5.8 ml. 

Marine deposits occur as far as 1,250 m inland of the present beach. They are blue-gray, 
Well sorted, homogeneous mixtures of mud and sand and contain uniformly distributed 
shells in life position, most commonly Cerastoderma. A Hellenistic sherd was found in [AP- 
30: 3.2 ml. 

The inland part of the profile shows a several meter thick gray-brown (10YRS/4) alluvium 
which gradually thins seaward toward the buried marine deposits. This alluvium is 
characterized by a larger than average grain size. Gravel predominates in drill hole [AP-P], 
while sand and inversely graded gravel occur in auger cores 72, 33, 40, and 34. The grain 
size distribution would indicate a levee or channel deposit. 


The final unit of the sequence is an up to 3 m thick floodplain deposit which consists 
mostly of silt and fine gravel and contains some incipient calcite nodules. A weakly 
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yielded a detailed description (Figure 20). A yellowish red (SYR4/4, 4/6, : 
loam forms the base of the sequence in the trench and in the bore holes. ’ 
moderately thick clay films and carbonate in filaments and threads. 


In core [AP-19] a prehistoric site was found on top of the Pleistocene red bed. It 
were 90 cm thick and contained abundant charcoal, ants and perks: Oa 
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The next higher unit in the stratigraphic sequence is a well consolidated alluvium 
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middle Holocene alluvium (LN/EH) in the northeast was eroded by the sea, forming a steep slope near Tiryns. The transgression shifted the coast- 
line 1250 m landward of its present location. Alluviations which occurred after the peak of the transgression caused an early regression of the coast. 


Figure 19: Cross-section IV near Tiryns. Two pre-transgressive clayey soils cover the Pleistocene red bed in this traverse. A coarse-grained early to 
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Outcrop Descriptions 


5m 


Some properties of soils, such as structure or thickness of clay films cannot usually be 
described in auger core samples, and the probability of finding sherds for dating is small in 
auger cores. Moreover, deposit boundaries are sometimes unclear. Outcrops of subsurface 


E P : P P 
g units in river beds and construction pits have none of these disadvantages. 
Although the number of pits described here is much smaller than the number of auger 
cores, almost twice as many (usually better preserved) diagnostic sherds were found in 
IN re them (Table 4). About half of the pits contained ancient constructions which provided 
rr accurate dates (ante quem) for the underlying deposits. 
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INS 5 E z | Soil-Profile : Depth Archaeological Period Absolute Date Artifacts 
2 Os ¥ 
ES, fi, La: ogee sae 
7) SA aS BS ao Ros -SP-03: 2.1-2.6m ieval to recent 1200 — present rooftile 
LS E ae a & 23% AP-SP-03: 2.6-3.1m LH (or Archaic) 1650- 480BC 
ENE SS SEP | AP-SP-03: 3.4-4.0m EH? 3200 - 2150 BC 
BEE QAI a7 3 AP-SP-05: 0.5-1.0m MH, not later 2150 — 1650 BC 
a eee AP-SP-06: 1.0-—1.5m post-Hellenistic after 50 BC 
Ss AP-SP-07: 2.5m Neolithic 6000 - 3000 BC 
SSS Qn 2&5 AP-SP-08: 0.6m LH IB 1320 - 1250 BC 
a es yiag AP-SP-08: 2.0m LH 1650 — 1100 BC 
ENGI ae | AP-SP-08: 2.5m LH Ill A/B-1 1320 - 1250 BC 
SENN GE SEs AP-SP-08: 27m  ~— LHI AB 1400-1200BC Myc. plainware 
a s See AP-SP-08: 2.8m LH Ill B-1 1320 — 1250 BC krater, linear banded myc. 
se Oh ae AP-SP-08: 3.4m Neolithic 6000 — 3000 BC 
z avs S AP-SP-10: 0.8m Turkish or later after 1400 AD 
be AP-SP-10: 1.2m Hellenistic 250- 50BC Laconian roof 
fEog AP-SP-10: 1.4m Ancient BC 600 — 1200 AD pre-roman & medieval rooftiles 
> S Zt 9 AP-SP-10: 2.3m EH(?) or older before 2000 BC coarse ware 
S ey 5 AP-SP-11: 0.5-0.6m Hellenistic 250- 50BC pot and rooftiles 
= See. AP-SP-11: 0.9m EH Il; Hellenistic 2800- 50BC Laconian rooftile 
O Oe RS AP-SP-11: 1.2m EH Il 2800 — 2350 BC jug handle 
2 BoB: AP-SP-11: 15m EHorolder before 2350 BC 
o gory AP-SP-12: 0.5m Hell./Roman/Byzantine BC 250- 600 AD pot, rooftiles 
” 093° AP-SP-12: 0.8m Hellenistic 250- 50BC Laconian rooftiles 
© 23338 | AP-SP-12: 11m Hellenistic (?) 250- 50BC _ bottomofavase 
O cade | AP-SP-14: 0.0-2.1m Classical to Hellenistic 480- 50BC black glazed kylix handle, 
Regs A Laconian rooftile 
eees | AP-SP-14: 1.1-1.7m EH Il; LH; Classical 2800- 250BC _LHidol, Laconian roottile, 
a EG black glazed pelike 
2552 AP-SP-14: 1.7m LH IIB 1300 — 1200 BC 
g22 er AP-SP-14: 1.8m EH Il 2800 — 2350 BC ring foot 
se a 3 AP-SP-14: 2.0m EH Il 2800 — 2350 BC pot fragment 
ii Sa 3% 
» 28 Table 4: Diagnostic potsherds from pits and trenches. See Chronological Timetable on page 91. Soil profiles 2 
= 3 c ~7 are shown in Figure 23-26; soil profile 12 in Figure 27 and SP-14 in Figure 22; the others are described 
ESS in the text. contittued On paaeae 
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"Archaeological Period Absolute Date Artifacts 


EH (probably I!) 2800 — 2350 BC 

EH Il 2800 — 2350 BC base 

EH Il 2800 - 2350 BC saucer rim 
EH Il 2800 — 2350 BC jar rim 

EH or older before 2150 BC 

EH II (early) before 2500 BC 

EH (older than EH Il) before 2800 BC 

EH Il 2800 — 2350 BC lug handle 


. Numbers on the map indicate areas to which the text refers. The examined pits 
shes (Figures 22— 28) are also indicated on this map. 


yer hole cross-sections suggest that Pleistocene red beds must crop out toward the 
mar f the plain. Surface mapping and outcrop descriptions proved this observation: the 
ae edge the Argive Plain is covered with extensive Pleistocene alluvial fans so that Hol- 
~ oce e deposits occur only in the center and at the coast (Figure 21). 


Pleistocene alluvial fans are in fact larger than they appear on the 1:50,000 geological 


of Greece in Figure 6. This map indicates, for example, Holocene alluvial deposits in 


- ¥ . 
i the ar a between Kiveri and Mili (Figure 21: 1) with some upper Pliocene mars cropping 
_ out in the center. According to my observations the area near Kiveri consists entirely of 


: eistocene and older deposits characterized by a red color which is the most intensive of 

il deposits in the Argive Plain. Some slight disturbance and redeposition must have taken 
place, because Byzantine sherds can be found at a depth of 50 cm, but it is not recogniz- 
able in the soil characteristics. 


a 


_The steep coast between Kiveri and Mili with a 1.5 m high shore cliff suggests an erosional 
‘than an aggradational environment. Holocene deposits occur only near the mouth of 

| perennial stream north of Kiveri (AP-SP-15, Figure 21). The deeply incised bed of 
‘eam contained Early Helladic II sherds in a cut bank 2.2 m under the present 
€ sequence above the sherds consists of sandy reddish brown overbank 
thedded with 10 —- 40 cm thick gravel beds. Evidently the stream has been 
‘in a larger bed and has dissected its own stream channel and floodplain 
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Figure 21: Map of the surface deposits of the Argive Plain, based on outcrops, cores, and surface ir 

Circled numbers on the map indicate areas to which reference is made in the text. Locations of 
( Figures 22 — 27) are indicated with numbered squares in the map. These numbers refer to Ta 
number). The plain is surrounded by Pleistocene deposits (1, 2, 5). Most of the inner plain co 
whose development was initiated in the Bronze Age (6). Only the area at the coast (3) and 3 
river (4) has experienced recent deposition. vet 


The contact between Pleistocene red beds (Figure 21; 2), and floodp 
deposits (Figure 21: 3) which was found in cross-section II is 
trench just south of Argos ([AP-SP-14]; Figure 22). The trench was 
pipeline. It trends west-east and is more than 1 km long, and 5.5 
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Wes 
| ~ East 


Figure 22: Soil profile AP-SP-14 near Argos. This trench was dug for the construction of a water pipeline. It 
runs west-east, is more than 1 kny long, and 5.5 — 6.5 m deep. The road from Mili to Argos is indicated on the 
section. At the bottom of the trench is a Pleistocene paleosol which is apparently offset by a fault. Two 
lacustrine deposits and an intervening alluvium cover the Pleistocene. Sherds from the lower lacustrine 
deposit were dated to the earliest Early Helladic period. Early Bronze Age pottery continues through the 
alluvium to the top of the second lacustrine deposit. The uppermost unit is colluvial and contained mainly 
Classical and Hellenistic pottery. 


The stratigraphic sequence in the trench begins in 3 — 4 meters depth with a paleosol 
several meter thick. This soil is characterized by a well developed structure, thick clay 
films, and red color (S5YR3/4). Its properties correlate to the Pleistocene alluvial fans which 
crop out west of the line Kiveri — Mili — Argos (Figwre 21: 1+2) and to the Pleistocene base 
found in the drill holes. 


The east end of this trench [AP-SP-14] intersects cross-section Il between auger cores 67 
and 78. In both, the Pleistocene deposits are directly overlain by dark gray subaqueous 
deposits (SY4/1 mottled with 10YR3/2) which contain sherds from the very early Bronze 
Age, probably earlier than EH IL. 


The subaqueous deposits originated in a pond which later silted up because of increased 
sediment input. The alluvial silt which filled the lake is characterized by a mottled dark 
yellowish brown color (1OYR6/4 and 10YR4/4), fragile pedogenic calcite nodules of 3 - 


—_ 
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4 mm, and fragments of land snails and ceramics. All sherds in this unit are Early Helladic 
II. The upper boundary of the alluvium is very sharp: The surface had become stable at 
this time and underwent incipient soil formation. The alluvium is covered with anothe Fr 


subaqueous unit which is similar to the lower one and has the same color (6Y4/1 mottled - 


with 10YR3/2). At the base of this deposit is a layer enriched in charcoal pieces which 
contained many Early Helladic sherds. ’ 


Along the foot of the hills the subaqueous deposit is covered with up to 2.1 m of collu- 
vium. The colluvium is poorly sorted, homogeneous, and does not show soil development, 
although the lower part of it is slightly more consolidated. It contained many randomly 
distributed sherds predominantly of Classical and Hellenistic age. What seems to have been 
a Classical house was found in this colluvium about 1 m under the main road to Argos. 


The complex stratigraphy in trench AP-SP-14 and especially the offset of the Pleistocene 
and the overlying subaqueous deposits might indicate an uplift of the mountain ranges in 
the west relative to the coastal part of the plain. Several reports on the tectonic develop- 
ment of Greece (Angelier 1978; Dewey & Sengér 1979; Le Pichon & Angelier 1981) and a 
recent investigation of the Pleistocene depositional history of the Gulf of Argos (van Andel, 
Zangger & Perissoratis 1990) indicate a major fault in this area, which would explain the 
sharp rise of the Arcadian mountain range relative to the sea and the Argive Plain. 


The surface deposits around Argos consist entirely of overbank loams and floodplain 
deposits (Figure 21: 4) laid down by ephemeral inundations of the Inakhos. Several meters 
of such usually fairly recent and undisturbed silts can be found in the cut banks of the 
stream. Also, debris flows and slump deposits frequently occur in the stream bed. The 
variety of deposits along the braided Inakhos stream shows the intensive remodelling of 
the landscape there. 


One key locality for the Holocene depositional history lies north of Argos in the bed of the 
upper Inakhos (Figure 23). There, some years ago foundations of a quite large prehistoric 
building were found surrounded by ample EH II pottery. The stratigraphic sequence at the 
site begins with the usual Pleistocene soils which are covered by half a meter of stream 
gravel. On top of the gravel are 2 — 3 meters of consolidated alluvium with considerable 
soil development. The dark reddish brown color (5YR3/4) as well as the other soil 
properties of this unit demonstrate that the deposit must have been exposed at the surface 
for several thousands of years. The EH II site is located in the middle of this paleosol/ 
alluvium and yields a reliable age for its deposition which is important because this unit is 
by far the most extensive Holocene deposit and today covers about half of the surface of 
the Argive Plain (Figure 21: 6). It is particularly dominant on the eastern side of the plain. 
The uppermost deposit is a 1 m thick unstratified alluvium which might be as young as 
World War II when an air strip was constructed in the vicinity. 


The Pleistocene alluvial fans are as extensive in the east (Figure 21: 5) as on the west side. 
Their channels are incised today and fan surfaces have been stable since the pre-Holocene. 
Therefore floods at present produce sedimentation only along the distal part of the fans. 
The extensive middle Holocene deposits in the east (Figure 21: 6) originated mainly from 
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Profile Number: AP-SP-02 Date: July 30, 1986 
ge Soil Type: Ha, Pleistocene 
Location: Early Helladic I! site, Parent Material: Braided stream deposit 


upper Inakhos valley 
Elevation: ca. 50m Drainage: 4 
Permeability: good 
Slope: overbank 1, channel6 — Stoniness: 2 
Aspect: E Rockiness: 0 
Relief: complex in channel Erosion: severe gully 


Depth Horizon Wet Color Dry Color Texture Structure Consistency HCI Miscellaneous 


10YR3/4 10YR4/4 s| - - es WW-ll-airfield 
Bt 5YR3/4 5YR3/4 c sbk2m-c hiss e mottled, 2npf 
3.20 Bt 5YR3/4 5YR3/4 c f-msbk1  hi/s,p e  2npf, truncated 


ee 
ft 


5YR3/4 5YR5/6 cl c abk vh/ss e 2mkpf 
4.30 B2tca 5YR3/4 2.5YR2.5/4 c c abk vh/s ve 4kpf 


3sci 3-6cm 
§.00 B2ca 5YR3/4 5YR4/6 c f abk h/ss es 3mk pf 

3sci 3-6cm 
§.70 B3ca 5YR4/4 5YR5/6 c-cl fabk h/ es 2mk pf 


is recorded by the gravel deposits on top of the Pleistocene. The main unit in this sequence is a 
¢ alluvium which contains an important Early Helladic Il site in the middle. The site yields a reliable 
of 2800 — 2350 BC for the deposition of the alluvium. During the 5000 years since its ee the 


cc nd half of the Holocene. For example, the Greek Archaeological Service 
Bronze Age building a few hundred meters southwest of Monastiraki. The 


ee  t 
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Pidesocene distal fan aes dip over 600 m fen 1 to 3.5 siete tomvatd the west. Gist Fee: i 
braided fan channels. The Pleistocene is overlain by middle Holocene alluvium which crops out 
surface in AP-SP-05 south of Agia Triada. This alluvium contains Neolithic sherds in AP-SP-07 and an 
pit with Middle Helladic ceramics in AP-SP-05. The uppermost unit is a yellowish unconsolidated al 
which resulted from recent deposition along the edges of the fans. This alluvium buried a post-Hellenistic 
in AP-SP-06 ca. 1.5 m under the modern surface. 


slope where sediment aggradation is usually high the foundations of the oe 
less than 80 cm under the present surface. mts 


Several construction pits in Agia Triada showed how the surface of the well- 
distal fan deposits dips toward the center of the plain from 1 to 3.5 meters over ; 
of 600 m (Figure 24). This unit is always covered by 1 — 2 meters of early 1 
Holocene alluvium which is commonly exposed at the surface and forms the 
of the plain. A trench at the south end of Agia Triada [AP-SP-05] revealed a N 
pit which was dug about half a meter into the present surface proving that 
geological change in over 4,000 years. Occasionally, though, the older Ho 9 

is covered by a very young unconsolidated silt ([AP-SP-06] and [AP. n 
Remains of a post-Hellenistic house were found in this alluvium about Si 
modern surface. RY ER gh: ee 


es mv 
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1e) Profile Number: AP-SP-04 Date: July 31, 1986 
Soil Type: Pleistocene, Holocene _ Classification: Entisol 
Location: Agia Triada, north Parent Material: Alluvium, distal fan 

exit of village deposit 

1 Elevation: 20m 
Permeability: moderate to good 
Slope: 1 Stoniness: 0 
Aspect: Ww Rockiness: 0 
Relief: single Erosion: no apparent 

2 


iii 


Depth Horizon Wet Color Dry Color Texture Structure Consistency HC! Miscellaneous 


[B2t] 
li | (0.20 Ap 7.5YR3/4 7,5YR5/4 si 
| | 0.55 A 7.5YR3/4 7.5YR5/4 si = none __ so/so,ps_—s ev 
| | 10.90 B  7.5YR4/6 7.5YR4/4 silo fsbk1  so/ss,ps_ es some gravel 
Wii |145 Boa 7.5YR4/4 7.5YR4/6 silo fsbk 1-2 sh/ssps_ ev 1 vncc 
2.05 Bt 7.5YR4/4 7.5YR5/6 lo csbk2 hiv.ss,ps ev buried entisol? 
sf 
| 2.85 C 7.5YR4/4 7.5YR5/6 lo msbk 1 h/ss,ps_ ev_-«-1-2. npo 
5 sf 
(3.15 Bi 5YR4/4 5YR3/3 silo vepr3  vh/ss,ps_ ve-e 3mk pf 
few sf 
4.35 Bat 5YR4/6 5YR4/4 c veabk3 eh/svp e 3mkopf 


Figure 25: Soil profile AP-SP-04 in the north of Agia Triada was one of the few outcrops which did not 
contain sherds. Nevertheless, the soil horizons in this trench indicate that the middle Holocene alluvium was 
not deposited all at once. A truncated B horizon in 1.5 m depth is evidence for a non-depositional phase. 


The thickness of recent sediments increases farther south in the plain. Medieval to recent 
ceramics were found 2.1 — 2.6 m deep in a trench 1 km south of Tiryns ((AP-SP-03] in 
Figure 26). This hole 6.15 m deep was dug in the dry bed of the Manessi River at the small 
Profitis Ilias. The lower stratigraphy was similar to the one found in the outcrops in Agia 
Triada with Pleistocene paleosols on the bottom overlain by mid-Holocene alluvium which 
contained pottery of questionable Early Helladic age. 


A shallow trench 500 meters southwest of Tiryns (AP-SP-11, AP-SP-12) supplied an 
Opportunity to date the deposits in the coastal zone by sherds (Figure 27). The sequence 
in the trench began with an alluvium in 1.2 m which contained only Early Helladic pottery. 
Remains of a Hellenistic house were found on top of this alluvium. The house (0.7 — 
1.1 m) itself was covered by marsh deposits which contained Hellenistic, Roman, and 
Byzantine pottery. The sequence is evidence for a phase of dry land in Hellenistic times 
and a subsequent wetland phase. 


— 


Slope: 


Relief: 


0.10 
| 0.90 
1.30 
1.50 
2.10 
| 2.35 
2.55 
3.10 
3.40 
4.00 
5.10 
5.55 
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; "0..e Elevation: 
; i Permeability: 


Aspect: 


Ay Profile Number: AP-SP-03 
Soil Type: 
Location: 


Pleistocene, Holocene 
NE of small Prof. Ilias, 


2 km SE of Tiryns 


13 m above sea level 


very permeable 
1 

W 

complex 
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Date: July 29, 1986 
Classification:  Alluvium 
Parent Material: floodplain deposits 


Stoniness: 2 
Rockiness: 0 
Erosion: moderate gully 


| Depth Horizon Wet Color 


Dry Color Texture Structure Consistency HCl pH 


Bca 


Bit 
B2t 


10YR3/2 10YR5/3 
10YR4/3 10YR5/4 
10YR4/4 10YR5/4 
10YR4/4 10YR6/4 
7.5YR4/4 10YR5/4 
10YR4/4 10YR5/4 
10YR4/4 10YR6/4 
10YR4/4 10YR6/4 
7.5YR4/6 7.5YR4/6 
7.5YR4/6 7.5YR6/6 
7.5YR4/4 7.5YR5/6 
5YR4/4 5YR4/6 
5YR3/4 5YR4/6 


Is vffsbk 1 so/so,ns,po,pp es 
| m-fsbk1 so/so,ns,ps es 7.99 -27 
Is almost none so/ns,so,.np es 7.98 -25 
nl csbk2 sh/so,ps es 7.88 -20 
s csbk2 so/so.po es 7.87 -18 
| vfepr2 h/ss,ps es 7.76 -14 
scl csbk2  vhiveryss,p es 7.82 -17 
scl cabk3 h/s,ps ev 7.81 -14 
s| m-csbk2  vh/ss,ps es 7.86 -19 
sil csbk3 vh/s,ps ve 7.92 -23 


si! csbk1 sh-h/ns,ps ve 7.90 -21 
sic cabk  vh/s,veryps e 7.89 -21 
sicl ve abk eh/s,ps se 


Figure 26: Soil profile AP-SP-03 near the small Profitis Ilias south of Tiryns. The upper 3 meters in this trench 
are fairly recent stream deposits interrupted by none-depositional phases as is evident from the presence of 
A-horizons. The second layer (3 — 5 m) is a middle Holocene alluvium with remarkably mature soil 
development and thick clay films. Human impact on this deposit is limited to the uppermost 80 cm. The 


lowest unit in this section is once again a Pleistocene paleosol. 


Figure 27: Soil profile AP-SP-12 ca. 500 m 
west of the Tiryns’ citadel was taken in a 
1.3 m deep trench. The bottom of the 
trench is marked with a white line. The 
lower arrow marks the foundations of the 
house which rests on alluvium. The upper 
arrow marks rooftiles from the house 
while the layer in between consists of dis- 
solved mudbrick. A light colored layer 
above the rooftiles indicates bluish gray 
subaqueous deposits which originated 
during a phase of increased marshiness 
after the Hellenistic period. The upper- 
most unit consists of a humus rich black 
top soil. 
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Bday - 
‘Soil description AP-SP-03, which also is included in auger hole cross-section V, was made 
in a deep trench in the dry bed of the modern Manessi River. The upper 3 m in this 
outcrop are unconsolidated silt and loam interbedded with stream gravel. Medieval sherds 


were found at a depth of 2 meters above a truncated older surface. In this trench, as at 


other places in the Argive Plain, the color hue can be used to identify alluvial deposits. 
Young Holocene fill falls most often in the 10YR range, middle Holocene paleosol in the 
7.5YR range, and the Pleistocene red beds are characterized by their 5YR hue. 


A similar stratigraphy was found in a construction excavation in the north of Nauplion (AP- 
SP-10) where modern pottery occurred up to 1.4 m under the surface while the layer 
underneath contained only very old pottery (EH II or older). 


Power Cores 


Power drill holes were made at places not suitable for the auger or where deeper holes 
were needed. Each cross-section contains two that are necessary to determine the slope of 
the pre-Holocene base. When aligned from east to west, the drill holes also provide a 
profile perpendicular to the auger core cross-sections (Figure 29). Samples were taken 
from the drill holes one meter apart and were described according to color, texture, gravel 
fraction composition, sand fraction composition and fossil content. Most of the drill cores 
show the same sequence. The Holocene deposits on top are up to 8 m thick. Depending 
on the distance from the sea, the Holocene may include marine or lacustrine deposits. 
Underneath, the Pleistocene deposits begin at a sharp erosional contact with a buried 
paleosol. To a depth of 20 m the Pleistocene consists of fluvial mud deposits which exper- 
ienced considerable soil genesis. Pedogenic calcite nodules, 2 — 6 mm in size, create a 
gravelly texture. The color ranges from yellowish brown (10YR5/4) to dark brown 
(10YR4/3), to dark reddish brown (5YR3/4). Possibly due to the high water table these 
fluvial deposits are yellow and brown rather than red. Only the uppermost layer tends to 
have a hue in the 5YR range due to iron encrustation around clastic components. 


Marine fossils occur from around 20 meters depth downward. The fossil fauna differs 
significantly from the Holocene marine assemblage; especially, heavy-shelled oysters and 
corals occur frequently and gastropod and Cerastoderma shells are much bigger and 


= sd than in modern organisms. Corals and oysters are frequently enclosed in large 
nodules. ) 


The cored interval below 20 m depth consists maximally of three sequences. Within each 
sequence four different units can be differentiated — up to three of them are represented in 


ioe individual core in the cross-section (Figure 29). The units, from top to base, are as 
Touows: 


(D) A solid, diagenetically consolidated, calcium carbonate layer (calcrete K horizon or nodule 
stage >) with traces of marine organisms inside the calcrete. (C) A reddish to brownish, well- 
consolidated paleosol with marine organisms incorporated in pedogenic nodules. (B) Yellowish 
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marine deposits consisting mainly of small unaltered shells and well sorted silt. (A) Dark blue 
marine deposits most often with large marine shells and well rounded limestone pebbles. 


The lowest of these sequences (sequence 3 in Figire 29) begins with the stratigraphically 
lowest and thus oldest deposits which were found in drill core [AP-B] in 22 — 30 meters. At 
the very bottom of the hole are well rounded limestone pebbles overlain by a marine clay 
(unit A). Another fine-grained marine deposit with a bright yellow color follows farther up 
in the sequence (B). The final unit of the lowest cycle is a well developed paleosol which 


also contains marine fossils (C). 


The next higher cycle (sequence 2 in Figure 29) is represented in all drill cores but the 
most complete sequence was found in [AP-D]. Here too, its lowest unit consists of beach 
pebbles (A). A paleosol (C) follows directly above the gravel deposit while the marine mud 
unit is missing. A solid calcrete layer with marine shells in nodules forms the top unit of 


this cycle (D). 


Hole [AP-I] provides the most complete upper cycle (sequence 1). At the base of the 
sequence are dark gray to black finegrained marine deposits (A); the sand fraction of 
which consists almost entirely of marine shells. The unit coarsens upward and becomes a 


HOLOCENE 


alluvium mud dark yellowish brown = 10YR4/4 


overbank mud  darkyellowish brown 10YR4/4 
loams 


marine and silt dark grey TYR5/0 
lacustrine 


al paleosoil mud dark brown 10YR4/3 
L paleosoil mud yellowish brown 10YR5/4 
eer 

fea] paleosoil mud brown 7.5YR5/4 


TRANSGRESSIVE/REGRESSIVE SEQUENCE 1 


Y, aleosoil ravel brownish yellow 10YR6/6 
YU Priginally ake ; 


WY), marine sand yellowish pale brown = 10YR7/3 


marine mud silt very dark grey 10YR3/1 


TRANSGRESSIVE/REGRESSIVE SEQUENCE 2 


K-horizon gravel light yellowish brown 10YR6/4 
solid calcite 

paleosoil gravelly mud —_strong brown 7.5YR5/6 
originally marine 

beach deposit gravel _ light brown 10YR6/4 


JUG 


TRANSGRESSIVE/REGRESSIVE SEQUENCE 3 


SN paleosoil ravel brown 10YRE6/3 
Prigntally ae = 
WG marine gravellymud —_yellow 10YR7/6 
marine mud clay dark grey 10YR3/1 


Figure 28: Pleistocene stratigraphic sequence and 
legend to Figure 29. This schematic column begins 
with Holocene deposits on top and continues with 
Pleistocene marine sequences. The Pleistocene 
sequence begins with several terrestrial deposits 
which have become paleosols. Three transgressive/ 
regressive cycles follow from 20 — 30 cm depth. 
These deposits originated during high interglacial 
sea levels. Diagenesis during the following sub- 
aerial exposure has changed the marine sediments 
into consolidated soils. 
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beach pebble deposit with a yellow color (B). The uppermost layer of this cycle is again a 
paleosol (D) with 1 — 3 cm large, porous nodules which often incorporate oysters and 
corals. In a drill hole these large nodules at the top of the marine sediments at about 20 m 
depth provide a clear indication for the fluvial/marine boundary. 


The subsurface units identified and described in the previous chapter are correlated here 
across the Argive Plain to establish a regional Stratigraphic sequence and to interpret its 
depositional history. The resulting stratigraphic column includes, firstly, depositional units 
of regional extent, and secondly in the case of the Pleistocene. secondary divisions within 
a deposit which were produced by diagenesis and soil development. 


West 


30 


Figure 29; Drill-hole cross-section through the Argive Plain. Five power holes show the late Quaternary 
Stratigraphy in this east-west traverse. In most cores the upper 8 m consist of Holocene deposits. From ca. 8 - 
20 meters are terrestrial Pleistocene deposits with con-siderable soil development. The upper 15 meters in 
core [AP-J] consist of homogeneous overbank loams which resulted from Inakhos floods. No distinction 
could be made within these deposits. Soil horizons could not develop because of continuous sediment 
accumulation. All deposits below ca. 20 m depth contain marine fossils and originated in the sea. These 
sediments have gone through diagenetic changes which altered their appearance to different degrees. The 
lowest units (A) in each sequence still look like unaltered marine mud or beach pebble deposits. Further up 


(B-units) the deposit color change to yellow. C-units are well-developed red bed soils and D-units finally are 
calcrete limestone banks. 
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Pleistocene Deposition 


Pleistocene paleosols reach the present surface along the edge of the Argive Plain (Figure 
21), The upper boundary of these red beds dips seaward and is found at a maximum of 
8 m depth at the present coast. The uppermost Pleistocene deposits in outcrops and drill 
holes (Figure 28) are terrestrial interfluve and stream deposits with mature soils resulting 
from long exposure at the surface. 


Paleosols were also found deeper in the drill holes below about 20 meters depth. Most 
properties of those lower paleosols resemble the upper Pleistocene ones, except for the 
size of pedogenic calcite which sometimes forms up to 5 cm diameter nodules or even 
calcrete limestone banks. The biggest difference from the overlying fluvial deposits, 
however, is the presence of marine fossils which is evidence that virtually all coastal 
sediments below 20 meter depth, no matter how terrigenous their present appearance may 
be, were originally deposited in a shallow sea. Diagenesis and soil-forming processes have 
produced a vertical order within each of the three sequences. The lowest units show the 
closest resemblance to original marine mud. The secondary differentiation increases 
upward and as a final stage forms a calcrete limestone horizon. 


These calcrete K horizons at the top of the Pleistocene marine sequences are well-known 
to Greek geologists and drillers as “pori”. Since these limestone banks vary from cycle to 
cycle in their degree of diagenetic change, sediment petrographic methods can be used to 
determine the interglacial during which they have formed. Varying degrees of diagenetic 
changes in marine Pliocene/Pleistocene sequences in Greece have been analyzed by 
Richter (1974: 23; 1979: 278; 1984: 82) but so far complete transgressive/regressive cycles 
were described only from outcrops on Mallorca (Butzer 1975). 


Three such transgressive/regressive cycles can be recognized in the drill cores. The 
sediments were laid down during sea level high stands. The uppermost marine sediments 
must have been deposited during the Eutyrrhenian (oxygen isotope stage 5e, about 125,000 
BP) when the sea level was as high as it is today or even several meters higher (Shackleton 
& Opdyke 1973). Interstadial sea levels were probably too low (Chappell & Shackleton 
1986) to deposit marine sediment within the present coastal zone where the drill holes are 
located. During stages 5 a—d sea level had dropped again to 20-30 meters below present. 


The eustatic sea level fall resulted in the exposure of a large area of submarine deposits 
along the shore. The falling sea level also shifted the main zones of sediment accumulation 
seaward towards the present shelf edge. The resulting long interval of non-deposition in 
what is today the central plain provided the time for the formation of a deep soil on the 
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ud. Because the soil forming processes decrease in intensity with depth, 
every marine sequence changed less than the upper part or remained 


lasted from ca. 125,000 — 115,000 BP (Shackleton & Opdyke 1973). During this 

1 of marine sediment accumulated at drill site [AP-I] and 6 m at [AP-B]. During ca. 
01 between the last interglacial and the beginning of the Holocene only 5 — 8 m 
were deposited in the plain. That is, the depositional rate in the area between 
Tiryns dropped from 0.7 m / 1000 years during the last interglacial to 0.05 m / 
s during the last glacial. 


calculations can be made to estimate the rate of tectonic movement: The first Pleist- 
rine fossils occur up to 12 m below the present sea level — assuming an age of 
) years for the deposition of the uppermost marine sediment and an interglacial sea 
t the elevation of the modern one, we receive a maximum subsidence rate for the 
plain of 0.10 m / 1000 years for the location of drill sites [AP-I], [AP-J], and [AP-D] 


margin of the plain near Tiryns because Pleistocene marine fossils occur in [AP-P] at the 

elevation of modern sea level. On the west side, however, the vertical tectonic movement 

seems to be more rapid. For example, the Early Helladic soil in cross-section I and the 

substrate of the Early Helladic lagoon in AP-SP-14 is displaced 2.5 meters which equals a 

movement rate of 0.5 m / 1000 years. The Holocene sequence averages about 8 meters 

thick and its deposition rate of 0.8 m / 1000 years corresponds to the current high sea 
level. 


Holocene Deposition 


; 

a _ The Holocene depositional sequence is in principle an incomplete fourth transgressive/ 
regressive cycle of which the first half, the transgression, has taken place. A Holocene 
regression has also occurred but it was due to sedimentation only and not to a eustatic sea 
Tey} ev el fall. Because of the present high sea level marine sediments are not exposed at the 
surface. At places where they come close to the surface, however, they show color changes 


from blue to yellow which are similar to ones in the marine Pleistocene sequences. 
7 nee 


—- 


Holocene stratigraphy in the auger cores displays much the same general pattern as 
eistocene stratigraphy in the power cores. The base of almost all hand auger cores is 
tocene surface and its often preserved A horizon. These two layers are covered 
queous deposits which were deposited during the peak of the transgression. The 


surface is deeply disturbed or contains a thin marsh deposit which formed 
vet phase. 
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In the following discussion of the Holocene depositional history | distinguish four regional 
alluviations in chronological order. Eight other sedimentary units of secondary importance 


are also described. These units are either of limited extent or they stand out because of 


their depositional environment (e. g. marine, lacustrine). 


Pleistocene Surface (PS) 


The Pleistocene deposits are in most cases covered by ca. 1 m thick, homogeneous, dark 
brown, clay-rich, A horizon, which is probably the most consistent and ubiquitous unit in 
the stratigraphy. It occurs in all auger hole traverses but is thicker and more extensive on 
the east side. Many of the distinctive characteristics of this unit seem to be derived from 
post-depositional changes; the soil, for example, is full of roots and clearly is a preserved A 
horizon. It is also the base level of the Holocene transgression and might have been altered 
by the drowning. Furthermore, pottery fragments, charcoal, and a high phosphate value 
imply human impact — the first recognizable human influence on deposits of the Argive 
Plain. 


On the other hand, this soil is too thick and too different in texture from the Pleistocene 
paleosols to be just the disturbed surface of the Pleistocene. Also, the fact that there is 
another very similar brown soil overlaying it in cross-section IV indicates it is not just 
altered Pleistocene but a depositional unit in its own right. The unit was deposited and had 
gone through soil formation before the advancing sea had reached its present location. It 
represents the remains of the once well developed A horizon formed under thick 
vegetation cover on the Pleistocene. During the advance of the sea swamps and marshes 
developed landward of the advancing shore but no significant sedimentation took place. 
The sea was rising with an average speed of 10 m / 1000 years (Chappell & Shackleton 
1986) while the depositional rate ranged between 0.05 and 0.8 m / 1000 years. Thus 
sedimentation fell well behind the rise of the sea. The small amount of sedimentation 
which took place during the transgression was incorporated in the Pleistocene surface unit. 
Since it is basically the A horizon of the Pleistocene its maximum age must be more than 
10000 BP. The fact that it was to some extent utilized by people does not really supply an 
age. But the presence of sherds in core 72 and the middle Neolithic site in cores 19 and 25 
which rests in this unit indicate that the soil had not reached its final appearance before the 
middle Neolithic. 


Late Neolithic / Early Helladic Alluvium (LN/EH) 


The earliest Holocene alluvial deposition occurred while the transgression approached its 
culmination. It is characterized by a rather coarse grain size, a high degree of consolida- 
tion, and a steep surface gradient. Only the fact that this unit contains undiagnostic sherds 
distinguishes it from the fluvial Pleistocene deposits. 


South of Tiryns the Late Neolithic/Early Helladic deposits are still exposed at the present 
surface. Even their steep surface slope is preserved there and recognizable in both profiles 
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(Figure 33) and maps (Figure 10). This steep slope is unusual; all other alluvial deposits in 
the Argive Plain have a very flat surface which parallels the present topography. Since this 
alluvium ends where the marine deposits begin in Figure 33, it is most likely that it was 
eroded by the sea during the peak of the transgression. 


Cross-section III supplies a picture of the plain after the deposition of the Late Neolithic / 
Early Helladic alluvium was deposited and thus after the peak of the transgression (Figure 
32). The situation was still similar to the Neolithic; the surface of the coastal plain (LN/EH) 
Was stable, and swamps and marshes occurred in the backshore. A former dense vege- 
tation is indicated by a thick A horizon on LN/EH with abundant roots and plant remains. 
Human impact is evident by sherds and enriched phosphate content. A piece of charcoal 
from the A horizon on LN/EH in cross-section III (core AP-10: 3.4 m) yielded a maximum 
age of 2564 + 220 BC for the deposition of the LN/EH alluvium and for the culmination of 
the transgression. 


In cross-section I this alluvium was deposited only near the site of Magoula. It resulted in a 
stable surface on which EH-pottery was found. In cross-section V the alluvium overlies the 
Pleistocene Surface (PS) and the middle Neolithic site. Thus the Late Neolithic/Early 
Helladic alluvium must be younger than middle Neolithic (5000 — 4500 BC) and older than 
the radiocarbon date in section III (2500 BC). 


Early Bronze Age Alluvium (EH) 


The most extensive environmental changes in the Argive Plain occurred in the Early 
Bronze Age immediately after the peak of the transgression. As shown in the soil map 
(Figure 21) the Bronze Age alluvium is the most dominate of all Holocene deposits and 
covers a large part of the plain’s surface. All outcrops (Figures 22 — 27) contained 1 - 3 
meters of Early Bronze Age alluvium (EH) which is characterized by its red color (7.5YR), 
its high degree of consolidation, relatively thick clay films, and the presence of Early 
Helladic pottery. 


The EH-alluvium is most extensive in the inner plain and along the streams. In cross- 
section II the entire 4.5 km wide lagoon became filled when it was deposited. This 
tegression, however, is somewhat amplified by the location of the cross-section parallel to 
the Inakhos stream: the first floods of the Inakhos after the maximum transgression rapidly 
filled the lowlands in its vicinity. 


Drastic environmental changes are recorded in soil profile AP-SP-14, too. There, the first 
lacustrine deposits originated in the Early Bronze Age, the lake became filled in by several 
meters of alluvium in the Early Bronze Age, and the second lacustrine unit probably began 
to form still in that same period. 


There is no unequivocal indication in the geological record for the cause of the vast soil 
loss and redeposition in the Early Bronze Age. As discussed earlier, the Eutyrrhenian sea 
level high stand produced a depositional rate of 0.7 m / 1000 years. Similarly the present 
high sea level produces a rate of 0.8 m / 1000 years. Thus the massive deposition in the 
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re 32: Cross-section III south of Dalamanara shows a rather stable coastal landscape compared to the margins of the plain. The postglacial sea level 
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Early Bronze Age may simply be the result of the sea level high stand. On the other hand, 
the Early Bronze Age coincides with two events which also might have triggered soil 
erosion: the introduction of widespread agriculture and the Atlantic climate optimum, 
Different schools favor different causes for soil erosion. A synoptic review of recent geo- 
archaeological projects in Greece (van Andel & Zangger 1990), however, argues for chiefly 
human induced soil erosion. 


Late Bronze Age to Modern Alluvium (LH) 


Late Bronze Age alluvia were identified to the north and west of Tiryns, in cross-section III 
in the central part of the coastal plain, and in section V. These will be discussed separately 
with the reconstruction of the environment around the Tiryns citadel. 


The Bronze Age alluviations have moulded the present appearance of the Argive land- 
scape. All geological changes since the end of the Bronze Age have been minor. The 
following is a list of depositional units of limited extent including the post-Bronze Age ones. 


The Pleistocene Surface Soil appears doubled in cross-section IV near Tiryns. The second 
paleosol is also dark brown to gray, clay rich, full of roots and contained marine gastro- 
pods and an undiagnostic sherd. The thin sediment on which it formed is evidence of 
minor deposition on the coastal plain during the Holocene transgression. 


Two colluvial units occurred in cross-section II near Argos. These deposits were found only 
in cores 79 and 82 and do not resemble any other deposits in the Argive Plain. They stand 
out because of their unusually broad textural composition (clay to gravel) and their black 
color. They might have formed through land slides after local forest fires. 


The bluish gray color and the presence of marine macrofossils permit a prompt identif- 
ication of and provide distinct boundaries for buried marine deposits. The limit of the 
transgression is recorded by the landward extent of these sediments. Marine deposits are 
better sorted than alluvia. The prevalence of silt and fine sand indicates deposition in a low 
energy environment. Near their landward margin in the Argive Plain, the marine deposits 
often contain roots and plant remains. 


Microfossil investigations indicate a purely freshwater environment for the deposition of 
the subaqueous units on the west side of the plain. These lacustrine deposits have the 
same color as the marine ones but do not contain marine macrofossils. Instead they 
include 10 — 20 cm thick layers of peat and thin horizons with gastropod fragments. The 
lacustrine deposits were laid down in a freshwater lagoon, which according to radiocarbon 
dates of 6330 + 100 BC, 4660 + 120 BC, and 3820 + 100 BC, and sherds of the very early 
Bronze Age in AP-SP-04, was contemporaneous with the final phase of the transgression. 
The freshwater body on the west side was separated from the sea by a beach barrier 
(Figure 10, 11, 30, 31). This barrier originated during the last stage of the sea level rise 
and has not moved since then. 


Recent sediments occur only along the ephemeral streams and are most often less than 1 m 
thick (Figure 24 and 26); all other signs of deposition are better described as disturbances. 
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_ The absence of recent alluvia is in contrast with the widespread evidence for major post- 
in erosion and alluviation, for example, in Olympia and in the Southern Argolid (Vita- 
Finzi 1969; Pope & van Andel 1984; Wagstaff 1981). 


‘The thickness of recent sediments increases farther south in the plain. Medieval to recent 
ceramics were found 2.1 — 2.6 m deep in a trench 1 km south of Tiryns ([AP-SP-03] in 
Figure 26). This hole 6.15 m deep was dug in the dry bed of the Manessi River at the 
small Profitis Ilias. The lower stratigraphy was similar to the one found in the outcrops in 
Agia Triada with Pleistocene paleosols on the bottom overlain by mid-Holocene alluvium 
which contained pottery of questionable Early Helladic age. 


A several hundred meter long, 1.5 m deep, pipeline trench southwest of Tiryns (AP-SP-11, 
AP-SP-12) running NW-SE provided an opportunity to date the deposits in the coastal zone 
by sherds (Figure 27). The sequence in the trench began with an alluvium in 1.2 m which 
contained only Early Helladic pottery. Remains of a Hellenistic house (0.7 — 1.1 m) were 
found on top of this alluvium. The house itself was covered by marsh deposits which 
contained Hellenistic, Roman, and Byzantine pottery. The sequence is evidence for a phase 


of dry land in Hellenistic times and a subsequent wetland phase. 


Soil-Profile 


a 


Depth 


LH Ill 


Archaeological Period 


Pottery 


Myc. skyphos (7?) 


EH Il EH saucer 

AP-103: 1.0m LH III B/C early skyphos, linear banded, open vessel 

AP-103: 1.2m LH Ill B/C fineware, base fragment, fragment of greater vessel 
LH lil coarse and cooking ware 

AP-103: 1.8m LH Ill B/C fragment of pithos 

AP-103: 3.7m LH Ill B/C pithos with nail impressions 

AP-103: 4.5m LH Will B early goblet, unpainted handle 

AP-104: 1.6m LH Ill B/C jug/hydria/anfora, banded 
LH I/II fragment of closed vessel 
EH fragment 

AP-104: 1.9m LH Ill B 2/C early animal figurine 

AP-104: 2.5m EH Ill dark burnished 

AP-104: 2.7m LH II A/B 1 open vessel, goblet (?), unpainted fragment 

AP-104: 3.2m LH Ill A/B early unpainted fragment 

AP-104: 3.4m LH IIB closed vessel, banded 
EH fragment of pithos 

AP-104: 3.8m LH HIB closed vessel, neck fragment, fineware 
older Mycenean closed vessel, greenish clay 
EH fragment 

AP-104: 3.9m LH Ill A/B 1 unpainted, open vessel, flat bottom 
MH brown minyan fragment 

AP-104: 4.0m MH/LH | unpainted neck of jug 
EH Ill smearware 

AP-104: 4.3m LH Ill B/C neck of closed vessel, matt painted 

AP-104: 4.5m LH Ill BC) closed vessel (jug ?) 

AP-104: 4.6m LH Ill handle unpainted, neck fragment plain 
LH Ill A/C cooking pot 
LH Ill B/C base of kylix 
EH coarse ware 
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Soil-Profile Depth Archaeological Period 
AP-104: 4.7m LH III A/B (early) 
AP-104: 48m LH III B/C 
LH Ill 
EH Ill 
AP-104: 49m EH Ill 
AP-105: 0.3m LH 
AP-105: 0.5m LH 
AP-105: 0.9m LH Ill A late/to ? 
LH IB 
AP-105: 1.2m LH Ill 
AP-106: 1.2m LH Ill B/C 
AP-106: 1.6m LH III A late/B 
AP-106: 1.7m LH Ill A/B 
| AP-106: 1.9m LH Ill B/C early 
AP-106: 2.2m LH Ill A/B 
AP-106: 2.4m LH Ill A/B 
AP-106: 2.5m LH IB 
AP-106: 2.9m LH Ill A/B 
AP-106: 5.7m LH Will B early 
AP-107: 1.3m EH (?) 
| AP-108: 1.0m LH Ill B/C early 
AP-109: 1.4m LH Ill B/C early 
LH III B/C early 
LH Ill 
AP-109: 1.2m LH IB 
AP-109: 1.7m LH lil A/B 
AP-109: 2.0m LH Ill A/B 
AP-109: 2.2m LH Ill B/C 
LH Ill A/B 
AP-109: 2.5m LH IIIB 
LH INA 
LH tll B/C 
AP-109: 2.7m MG/LG 
LH IB 
LH Ill AB 
MHIII//LH | 
AP-109: 2.8m LH Ill 
AP-109: 2.9m LH IlI-(A)/B 
LH Ill 
LH II/IIl A early 
LH WVIILA 
EH 
AP-110: 0.4m LH III B/C early 
AP-110: 0.7m Byzantine 
LH Ill A/B early 
AP-114: 1.8m Late Roman/Byzantine 
AP-114: 2.6m older Mycenean 
AP-114: 2.8m LH Ill 
LH Ill 
EH 
AP-115: 0.5m LH Ill A/B early 
AP-V: 1.5m Hellenistic 


stand of goblet 
rim fragment of anfora etc. 

fineware, goblet plain, smearware 
smearware on orange clay 
smearware on orange clay, rim of jar 
coarse ware 

coarse ware 

open vessel, goblet or kylix plain ware 
closed vessel, plain ware 

open vessel, unpainted 

neck of jug, banded 

handle of stirup jar 

stirup jar (?) 

goblet 

cooking ware 

fine cooking ware, closed vessel 
open vessel, base of bowl 

coarse ware, bowl 

goblet 

base, red firnis 

closed vessel, motive on shoulder 
hydria/anfora 

goblet monochrome inside, kylix 
plainware 

open vessel, banded fragment 

jug (?), banded fragment 

fragments of closed vessel, fine, plainware 
carinated vessel, kylix plain 
monochrome painted 

stirup jar, banded 

goblet 

rim, closed vessel, LH coarse ware 
cup, monochrome inside, outside banded 
base of unpainted kylix 

import (?) 

rim, matt painted 

jug/hydria, anfora, hard fired 

fine plainware (goblet/dipper) 

coarse ware stirup jar (?) 

painted 


closed vessel 
high stemmed gobiet, monochrome inside 
fine- and coarse ware 

cup or bow! with triton motiv (?) 
horizontally grooved 

banded 

banded goblet, monochrome inside 
monochrome inside 

coarse vessel 
base of goblet 
Corinthian rooftile 


Table 5: Diagnostic potsherds from auger cores near Tiryns. 
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COASTAL CHANGES 


Paleoecology of the Coastal Environment 


According to the core data described before, a large part of the now dry coastal zone of 
the Argive Plain was once flooded by the sea. To obtain more information about this 
former underwater environment and to reconstruct the ancient littoral ecology, meso- and 
microfossils were collected from the submarine units of the drill cores. Field observation of 
marine and freshwater molluscs in core material indicated the coexistence of more than 
one environment. With an analysis of the microfauna the paleoecology and paleobathy- 


metry can be reconstructed. 


Samples from the margin of the submarine deposits have been evaluated to determine 
precisely the horizontal extent of these units. Others from the center of the extensive 
flatland in the west and east of the lower plain, have been used to reconstruct the ancient 


underwater environment. Twelve powercore drill-samples: 


[AP-A]: 2m, 3 m,4m,5m 
[AP-C]: 4m, 5m, 6m, 7m 
[AP-]]: 5 m, 6 m, 7m 
[AP-G]: 5.5 m 


and 16 auger core samples were collected for microfossil analysis: 


9 m. 2.7 m, 3.9 m, 4.6 m [AP-02]: 4.9 m [AP-10]: 3.2 m [AP-17]: 3.8 m, 5.3 m [AP- 


[AP-O1}: 1 -41]: 3.2 m [AP-43]: 0.5 m, 2.5 m; [AP-50I: 


33] 3.5 m [AP-39]: 5.8 m [AP-40]: 3.5 m, 3.8 m [AP 
4.8m 


Preparations and determinations of the fossil remains were carried out by Dr. Heinz Malz 
and his staff at the Senckenberg Institute in Frankfurt am Main, Germany, By a ane 
the samples were split into gravel, sand, and mudfractions, of which ss Ba oe es 
dry sieved to allow for an easier collection of the fossils. Picking revealed a gr eee 
of fossils such as juvenile marine and freshwater gastropods, marine pelecypodes, cae 
fers, echinodermfragments, otoliths, spongeneedles, ostracods, ere a a . 
fragments of crab claws. The ostracod fauna turned out to be especially mr 


specimens and species (Finke & Malz 1988; Zangger & Malz 1989). 
the ostracod population, it was possible to detect environ- 


from the inner part of the plain seaward, (2) along 
thin individual cores from the bottom to the top. 


Using faunal differences within 
mental changes in three dimensions: (1) 
the coastline from west to east, and (3) wi 


60 COASTAL CHANGES 
Land / seaward Zonation 


Terrestrial: The most landward samples in cross-section I (AP-43: 0.5 m) contained no 
fossils. The most inland core in section III (AP-10: 3.2 m) contained only one broken valve 
of the freshwater ostracod Cypris bispinosa. Neither [AP-33]: 3.5 m, 3.8 m nor [AP-33]: 3.5 m 
in traverse IV yielded any microfossils. This lack of ostracods and other organisnis eae 
the interior of the plain indicates prevailing terrestrial conditions. a 


Freshwater: The first occurrence of specimens on the inland side of the cross-sections are 
representatives of the ostracod genera //yocypris and Candona. Both are present with 
autochthonous populations including ontogenetic suites ({AP-17]: 5.3 m; [AP-41]: 3.2 m; 
[AP-50]: 3.8 m; and [AP-J]). These genera are indicators of former freshwater condition: . 


Brackish: Farther seaward the number of ostracod genera increases including some species 
of Xestoleberis, Semicytherura, and Neocytherideis ({AP-1]; 1.9 m, 2.7 m, 3.9 m, 4.6 m) 
which indicate increasingly marine conditions. : 


Marine: Backshore samples obtained from cross-sections IV and V additionally contain 
aga ea Aurila, and Leptocythere ({AP-39]: 5.8 m; [AP-C]: 4m, 5m 
m, 7 m). All of these genera indicate an increase in salinity fi ; : er 

s inity from brackis ari 
conditions. y orackish to full marine 


West / east Zonation 


West: i i 

est omparison of ostracod faunas from one cross-section to another reveal significant 

a differences between the western and the eastern half of the plain. Cores in 
west (cross-section I and II) include representatives of the lacustrine genera Candona 

and Jlyocypris only. 


Center: Cross-section III in the center of the coastal zone is represented in the microfauna 
analysis by a sequence of four samples from core [AP-1], and one sample from [AP-2] 
These samples contain an assemblage of species assigned to Candona, eocupas 
Heterocypris, Cypridopsis, Sclerocypris, and Neocytherideis. Cyprideis torosa, with, igen 
numbers of juvenile and adult specimens, indicating the interfingering of marine and 
freshwater conditions in this area. Based on the core samples one cannot say whether 
lacustrine and marine conditions alternated in the center of the former beach environment 
or whether a permanent brackish environment enabled the simultaneous coexistence of 


East: In section IV and V on the eastern side Candona does not occur at all (only one 
juvenile valve was found in [AP-17]: 3.8 m) and Jlyocypris occurs rarely. In this part of the 
coastal zone Cyprideis torosa dominates, accompanied by Loxoconcha, Xestoleberis 
Neocytherideis, Hiltermannicythere, Leptocythere, Aurila, and Semicytherura. These poner 
represent dominating marine conditions on the eastern side of the coast. 
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Vertical Zonation 


To detect environmental changes with time at one location samples of various depths were 
taken from the cores [AP-1]; [AP-17]; [AP-Al, [AP-C]; and [AP-J]. Power core [AP-J], taken 
from the central part of the plain, shows an increasing number of Candona with 
decreasing depth. Also, the diversity of freshwater genera increases towards the top. In 
general, all vertical sequences indicate a decrease in salinity as well as an enrichment of 
the lacustrine ecosystem — both recorded by an increase in number of genera, species, and 
individuals of freshwater ostracods. 


Thus. the ostracod populations appear to be a suitable tool to determine the character of a 
depositional environment: whether terrestrial, lacustrine, brackish, or marine conditions 
were prevailing is recorded by the microfauna. Purely terrestrial sediments do not contain 
ostracods or only a few, badly preserved valves. Ostracods are limited to subaqueous units 
and reflect lateral environmental changes as well as the evolution of the depositional 
system in time. 

The number of ostracod genera present within an individual cross-section increases 
gradually from the inland part of the plain towards the present beach. At the same time the 
number of marine organisms increases seaward. This unidirectional zonation from 
lacustrine to marine conditions excludes, as expected, hypersaline lagoons or saltpans. 


Purely lacustrine conditions prevailed in the western half of the lower plain, evidently 
because of the freshwater supplied by the perennial Erasinos river. The existence of a lake 
in this area has been mentioned by early travellers since Pausanias (Curtius 1851). The so- 
called Lake Lerna or Alkyonian Lake was supposed to have been the site of the fight 


between Herakles and the Hydra — it was also assumed to be “bottomless”. Existence and 


extent of the famous lake are documented in the microfauna (Finke & Malz 1988; Zangger 


1991). It was once a few kilometers wide but only 6 m deep. Lake and seawater surface 
were approximately the same. The lake must have been entirely separated from the sea by 
the beach barrier that was penetrated in core [AP-G]. Sample [AP-G] at 5.5 m documents 
organisms that lived along the beach barrier: fish, foraminifers, marine gastropods, and 
ostracods. The presence of some rare marine ostracods towards the top of the lake 
sediments appears to be due to severe winter storm floods which spilled seawater across 


the barrier. 

mbles a deltaic environment with alternating sand ridges 
d ecologic character of this area probably changed 
by the Inakhos river and the magnitude of 
ion is not feasible because of the lack of 


The central part of the plain rese 
and backshore swamps. Morphology an 
frequently depending on sediment supply 
winter storms. However, a detailed reconstruct 


drill-sites in the center. 


The early to middle Holocene transgression is reflected in a transgressional sequence in the 


eastern half of the plain. Only a weak freshwater influence is recognizable in the ostracod 
population. This influence possibly represents the mouth of a former stream on the east 
side of the plain; this may be either the Bronze Age stream near Tiryns, OF another one 
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s almost disappeared but is still recognizable along the edge of the alluvial fans 
ite images (Niemi & Finke 1988). 


cal zonation of microfossils in the submarine deposits shows an increase in genera 
cimen numbers with time. The new underwater environment which came into j ; : 
rough the Holocene sea level rise apparently required some time to become Argive Plain 
ited; whatever the original character of the environment, all cores reflect a 

leve opment towards freshwater conditions, which is the biological record of the marine . : ° 
ion. 


Shoreline Shifts 


Drowned archaeological sites are reported from several places in the Argolid; there are for 
example references to mosaics in the water at Lerna (Curtius 1851: 49) and to an old mole 
in Nauplion 3 m below sea level (Negris 1904: 340 cited by Lehmann 1937: 22). Most early 
travellers, archaeologists, and geographers who wrote about the Argive Plain assumed the 
prehistoric coast to have been landward of the present one (Gell 1810: 54; Philippson 1892: 
61; Schliemann 1885; Maull 1921: 64; Lehmann 1931: 42: Kraft 1972: 113; Bintliff 1977: 339), 
Their arguments are based on the core which was taken in 1832 by the Expédition 
Scientifique de Morée (Boblaye & Virlet 1883). This core yielded marine sedi-ments 200 m 
landward of the beach. More evidence for a regression of the coast came from Kraft et al. 
(1977) who drilled four holes along a traverse between Tiryns and the sea and found 
buried marine deposits 1 km landward of the shore. Kilian (1978: 468) described a 
construction trench with dark mud deposits, Hellenistic graves and modern pottery which 
had been dug 200 m north of the Tiryns citadel and used the presence of subaqueous 
sediments so close to Tiryns as an argument for a Mycenaean coast near the citadel. 


Van Andel, Zangger & Perissoratis (1990) carried out marine seismic investigations in the 
Gulf of Argos and were able to determine the movement of the shoreline during the last 
glaciation, 18,000 years ago (Figure 35). Due to a sea level 100 — 120 m below present, the 


Figure 35; Coastline shifts in the Argive Plain. During the height of the last ice age, 18,000 
years ago, the sea level was 100 — 120 m below present and the coastline in the Argive 
Plain was 10 km south of its current location. The subsequent sea level rise culminated at 
4500 BP when the coast was located more than 1 km landward of its present position on 
the eastern side of the plain. A large freshwater lagoon occupied the western side of the 
lower plain at that time. The lagoon was isolated from the open sea by a beach barrier. 
The barrier originated from sediment which was transported to the beach by the Inakhos 
river and later eroded and re-deposited by the westward longshore current.. Major 
alluviations shortly after the peak of the sea level rise caused an early regression of the 
coast. By the end of the Bronze Age it already resembled its present shape. — The map 
shows how the archaeological sites of Tiryns, Lerna, Magoula, and Temenion are located 
with fespect to the ancient shorelines. All of them were established at places near the 
water. Tiryns and Magoula are now farther away from the sea due to regression of the 
beach. Lerna and Temenion have probably suffered from erosion. 
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_ plain then extended 10 km farther south and its coast was southwest of Tolon. The sea 
: bottom is rather steep in that area, so that the first rise in sea level did not cause a major 
‘4 transgression. West of Karathona, however, the sea becomes shallower (20 — 50 m), but the 
15 m bathymetric contour lies still 3 km off the present coast. 


‘The levee deposits of the Inakhos stream produced a sediment mound in the central plain, 
which protruded into the sea during the transgression. The site of Temenion was located 
on this solid terrace. The sediment was eroded by the longshore current and re-deposited 
farther west where it accumulated in a beach barrier. The barrier might have moved 
northward since it originated in the early Holocene. Peat dating back to 6330 + 100 BC 
(AP-54: 7.2 m) indicates the first swamps and marshes which developed behind the barrier. 
There were no marine microfossils on the bottom of these lagoonal deposits, thus the 
backshore environment was completely isolated from the sea. 


On the east side of the plain the sea reached up to 1200 m landward of its current position 
during the maximum transgression around 2500 BC. It eroded parts of the small Profitis 
Ilias and stretched from there north along a sickle-shaped steep beach to Tiryns where it 
came as near as 300 m to the site. The shore extended west of Tiryns to the mouth of the 
Inakhos stream where a delta-like environment had developed and where sand ridges and 
brackish pools existed in close proximity. 


Already around 4660 + 120 BC the lake to the west of the Inakhos must have been close to 
its maximum size. Peat of that age was found in core 41 (in 3.6 m) which was taken near 
the prehistoric site of Magoula. The site was apparently established on the lake shore. Lake 
sediments extend in the subsurface all the way to the outskirts of Argos, 4700 m from the 
present shoreline. The deposition of the EH-alluvium in Early Helladic II caused a rapid 
regression of the shore. During the time between the peak of the sea level rise (2500 BC) 
and the end of EH II (2350 BC) the shore had moved half way to its current location in 
cross-section IV and V. The EH-alluvium was mostly deposited at the mouths of the 
Streams: one of them being south of Tiryns, one north of the small Profitis Ilias where 
currently the Manessi River exits, and of course along the Inakhos. 


The deposition during the Early Bronze Age seems to have caused a complete silting up of 
the lake in cross-section Il. However, this section is parallel to the path of the Inakhos 
River and to the contours. Relatively little deposition along the stream sufficed to fill in this 
part of the lake. Farther west, in cross-section I, the lake stayed open until recently, 
because there is no river in that area which would bring sediment into the lake. 


By the end of the Bronze Age around 1100 BC the shoreline resembled its present appear- 
ance. On the eastern site it was still a few hundred meters landward of its current location; 
in the west the coastal landscape was dominated by the lake which had a triangular shape 
with the sites of Lerna and Magoula in two corners of it, — the third one was near the 
modern village Nea Kios. 


The lake increased in size in Hellenistic to Roman times as is indicated by extensive 
lacustrine deposits in outcrop AP-SP-14. The Hellenistic house southwest of Tiryns (AP-SP- 


“—_ - 
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12) which is covered by marsh deposits, shows that this second phase of marshiness befell 

the eastern coastal zone too. Angel (1966; 1972: 100) suggested two Holocene wet-phases — 
for southern Greece based on the occurrence of porotic hyperostosis in human bones. He 
observed a phase from 7000 — 2000 BC during which this disease was widespread. This 

time corresponds to the final stage of the sea level rise. The second peak of porotic 

hyperostosis occurred from 100 — 400 AD, which corresponds to the post-Hellenistic phase ; 
of increased marshiness in the geological record. 


Eustatic Changes 


Previous geologic studies of the Argolid’s coastal zone primarily focused on vertical 
shoreline displacements. Uplifted Pleistocene beach conglomerates which locally contain 
Strombus bubonius are known from Kefalari, Kiveri, and Nauplion (Philippson 1959: 139; 
Lehmann 1937: 54; Kelletat 1974: 112; Reisch 1980). Drowned historic sites were found in 
Nauplion, Lerna, and east of Nea Kios (Curtius 1851: 384; Schliemann 1885; Negris 1904: 
30: Lehmann 1937: 22: Bintliff 1977). Erosional scarps and beachrocks indicating different 
Holocene sea levels are described from Kiveri, Nauplion, and Tolon (Kelletat 1974: 112; 
Richter 1976: 202). Despite the abundance of these sea level indicators no conclusion had 
been reached about the absolute tectonic and eustatic movement rates in the Argolid. 


The auger core stratigraphy supplies more information about the eustatic development of 
the sea level since the mid Holocene. The upper boundary of the buried marine deposits 
reflects the approximate elevation of sea level during the regression of the shoreline and is 
a reliable indicator of paleo-sea levels. It is also probably the clearest of all stratigraphic 
boundaries in the auger cores. The presence of marine or freshwater fossils distinguishes 
the subaqueous deposits from the overlying terrestrial sediments. Iron oxides, which were 
generated in an anoxic environment in the sea bottom’s subsurface, produce a dark blue to 
black color which clearly characterizes the marine environment. These reduced iron oxides 
occur today a few decimeter under the surface of the sea bottom at places which are 
constantly covered by water. Thus, the color change in auger cores is probably up to half a 
meter below the actual elevation of past sea levels. The original position of the boundary 
could, of course, have been displaced by post-depositional tectonic movement or by 
compaction of the sediment. 


Figure 36 shows the elevation of subaqueous/terrestrial boundaries in 45 auger cores 
which penetrated marine or lagoonal deposits. T he maximum transgression in each cross- 
section is indicated in percent rather than in meters. This way, the trend of the sea level in 
all five traverses can be readily compared. 100% corresponds to a maximum transgression 
of: 

2240 m in cross-section I 

4730 m in cross-section II 

1000 m in cross-section II 

1160 m in cross-section IV 

1020 m in cross-section V 
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Only if the regression occurred at the same rate along all cross-sections, the x-axis would 
reflect isochrones. However, the silting up of the lagoon in cross-section II, for instance, 
took place more rapidly than at other places. 


Cross-sections III, IV, and V, are almost equal in length and also show similar trends. 
During the farthest most transgression the blue/brown boundary between marine and 
terrestrial deposits was in these cross-sections 0.5 — 1.2 m below present sea level, whereas 
today it lies between 0.0 — 0.3 m. A core from cross-section III yielded a radiocarbon age 
for the maximum transgression of ca. 2500 years. Accordingly, the net sea level rise during 
the last 4500 years was in the range of 0.2 — 1.2 m, most likely between 0.5 and 0.8 m. The 
central plain was certainly not uplifted recently; it is more likely, that is has subsided, in 
which case the mid Holocene sea level would have been still higher than is indicated by 
the present elevation of buried marine deposits. 


These observations confirm Flemming’s (1978) theory after which net eustatic change in 
the eastern Mediterranean has been only of the order of 0.5 m for the last 2,000 years. 
Flemming explained the spread of deviating sea level data from the western Mediterranean 
with local areas of volcanism and seismicity and those from the Peloponnese as a result of 
the general depressions of its margins. In fact, Neolithic sea levels in the Southern Argolid 
are reported from as low as 10 m below present (van Andel & Lianos 1983: 303; van Andel 
& Lianos 1984: 40; Gifford 1983). 


Section I and II show the level of Lake Lerna, the freshwater lagoon which existed on the 
western side of the coastal plain; they cannot be used as sea level indicators. Cross- 
section I is to the most part uplifted, while section II seems to be uplifted near its northern 
end at Argos and compressed at its southern end near Nea Kios. 
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present coast 20% 


Figure 36: Eustatic sea level changes since the maximum transgression at 4500 BP. The present Sea level is 
indicated with 0.0. The markers show the elevation of the buried marine/terrestrial boundary in SECHONS I — 
V and the lacustrine/terrestrial boundary in sections I and II respectively. At present this boundary lies about 
0.3 m below sea level. An error bar of + 0.5 m above and below the present elevation of the boundary is 
ill within this error bar. The eustatic rise during the last 4500 


indicated with a dot pattern. Most data points fe 
: ss-section I and II which show the elevation of 


years has in fact been very minor, only 0.5 — 0.8 meters. Cro # 
the level of Lake Lerna are more evidence for tectonic uplift on the west side of the plain. 
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Figure 37: Map showing excavations (squares), construction trenches (squares), auger cores (dots) and drill 
holes (triangles) in the vicinity of the Tiryns citadel which provided insight in the subsurface stratigraphy. The 
topography was taken from geodetic measurements by Grossmann and Pestal (Kilian 1978) and the 1 ; 5000 
maps. The shaded areas indicate the routes of former streams. Stratigraphic cross-sections (North, East, South, 


West: Figure 39— 42) are indicated with straight lines. Profile SP-12 and core 101 were in fact located off the 
map 100 m west of their marked positions. 


LANDSCAPE CHANGES AT TIRYNS 


Situated near the shore in the coastal plain, where depositional rates are high and even 
minor shoreline changes matter, Tiryns ranks as an exception amongst the Late Bronze Age 
citadels in the Argolid. Its unusually propitious setting for environmental reconstructions 
combines with a vast amount of archaeological knowledge provided by one hundred years 
of excavation and research history. Nevertheless, challenging unsolved problems remain, 
regarding for instance the position of the shoreline during the Bronze Age, the size of 
Tiryns’ lower town and the function and age of the Mycenaean dam and river redirection at 
Nea Tiryns. Utilizing the methods and information gained from the general geoarchaeo- 
logical investigation of the Argolid an attempt was made to throw more light on these 


problems by carrying out a special study of the surroundings of Tiryns subsequent to the 
Argive Plain Project. 


The following description of the stratigraphy around the citadel is based on a variety of 
different exposures which were produced between 1907 and 1987 (Figure 37). The 
stratigraphy as found in early excavations (1907 — 29: A-P) is combined with some recently 
(1976 — 87) dug trenches (G29, Pi, Pa) which have remained open, and a published 
emergency dig on the prison ground by N. Verdelis (1957: Ve). During the fieldwork in 
1987 a number of auger cores (101 — 115) were taken to determine the stratification 
between these archaeological trenches, Because the Holocene sediments turned out to be 
coarser than in most other parts of the Argive Plain, an engine driven bailer rig was used 
four times (S, T, U, V) to penetrate these deposits at important not augerable places. The 
following discussion of the stratigraphy is arranged by area, beginning in the south of the 
citadel. To expedite the interpretation of the stratigraphic record these individual profiles 
are aligned in cross-sections showing the Holocene depositional history in a format 
compatible to the auger core cross-sections of the general Argive Plain study. 


Stratigraphy 


Figures 19 and 33 show the auger core traverse which extended from the coast to 250 m 
south of Tiryns. The four most landward auger cores of this cross-section (33, 72, 71, 73) 
are included in the map in Figure 37. In 4-5 m depth, the deep cores of this profile (72, 
33) penetrated a consolidated red bed forming the Pleistocene base of the Holocene 
deposits. In core 72 this basal paleosol is covered by a dark brown (7.5YR4/4), clay-rich 
paleosol (4.1 — 4.8 m) with occasional charcoal pieces and one undiagnostic sherd. A sand 
layer follows in core 71 (2.0 - 2.5 m) and 72 (2.9 — 4.1 m). The uppermost unit is an 
unstratified, undisturbed, coarse levee or stream channel deposit. Auger core 113 penetrat- 
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is unit to a depth of 2.7 m, where it terminated in dark, coarse disturbed soil, perhaps 
rking the margin of an archaeological site, although only one undiagnostic sherd was 
etrieved from this unit. 


nches A, B, C, and D were excavated between 1907 and 1909 (Gercke & Hiesel 1971: 
‘1. A large Geometric necropole was found in A and B but no LH strata were detected 
below it. Trench C, on the other hand contained the complete Bronze Age sequence 


including EH, MH and LH strata. Auger core 107 terminated in 1.5 m depth in a gravel 
layer (well sorted, pebble size 5 cm). In order to investigate the stratigraphy beneath the 
gravel the power drill was taken to an accessible place nearby (T, near the old Tiryns 
railway station) and a 7 m deep hole was drilled reaching into Pleistocene red beds at 5.5 
to 7.0 m. The gravel layer (1.2 — 3.0 m) turned out to be a stream deposit underlain by 2.5 
m of overbank loam and sand. This stream gravel deposit was unearthed at 1.8 — 2.5 m in 
an excavation, which is still open today, just opposite of the prison’s entrance (Pi in Figure 
37). A levee wall with a sloping outer side separates the gravel deposit from an EH 
settlement (Konsola 1984: Fig. 28). 


Very little is known about the finds in trenches D, G, and P. D and P were dug between 
1907 and 1909 and both revealed the whole Bronze Age sequence (EH, MH, LH). The 
position of trench G, excavated in 1926, is only approximately known, but LH IIIC walls 
were found in this trench (Gercke & Hiesel 1971). Pa marks a recent excavation by the 
Ephoria which had reached 6.8 m on August 24, 1987, when the author was asked to 
produce a geological description of the profile. The upper 2.8 m consisted of disturbed or 
anthropogenic deposits containing Mycenaean and Geometric architectural remains. debris 
and pottery. A sequence of undisturbed, interlayered stream and floodplain deposits with 
EH pottery was exposed below 2.8 m. Homogenous alluvia, again including EH sherds, 
followed from 3.95 — 5.2 m interrupted by a 5 cm layer of stream gravel in 4.3 m. A soil A 
horizon reflecting strong human activity was found in 5.2 to 5.45 m. underlain by an EH II- 
site at 5.45 — 6.0 m. This site had been established on an undisturbed, red Pleistocene 
paleosol which was exposed from 6.0 — 6.8 m. 


Cores and exposures on the far west side of the map (Figure 37: 101, 112, 114, SP-12, B) 
included reduced marsh deposits. Core 101, for instance. contains a sequence of two bluish 
to black subaqueous deposits interrupted by an alluvium. This sequence covers the 
Pleistocene paleosol and its former surface soil. 


Some well documented and in one instance still open excavations have been carried out 
south and southeast of the citadel. LH IIIC walls were found in trench E (together with MH 
and FH) but not in F and G1 (Karo 1930). The most important trench, however, was F, 
excavated in 1926 — 29, and 30 x 10 m wide (Gercke & Hiesel 1971). Towards the end of 
the 1929 campaign a deep sondage was dug in Graben F to determine the whole strati- 
graphy down to the bedrock. An LH IITA house at 1 m depth in the trench was built on 
top of two consecutive LH I/II houses in 1.6 m and 2.1 m. At 2.5 m was a burnt horizon 
below which only Middle Helladic material was found. In a depth of 4.2 m another burnt 
layer separated EH II from EH III. Below this layer the soils became more reddish and 


he 
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included Neolithic pottery. Finally, the bedrock base of the red soil was found in 7m 
depth. 


Trench H1, excavated between 1907 and 1909 and H, excavated in 1927, revealed an 
interesting sequence of LH IIIC buildings right outside the citadel’s walls and close to the 
surface (Gercke & Hiesel 1971). , 


In 1957, Verdelis conducted an emergency excavation (Figure 37: Ve) on the prison ground 
150 m south of the citadel (Verdelis 1963). His publication contained stratigraphic Sore 
showing a 0.6 m thick A horizon at the surface, followed by a 0.7 m layer with mixed 
pottery and a stratified Late Helladic layer at 1.3 — 2.0 m. Middle Helladic pottery occurred 
at 2.0 — 2.4 m and Early Helladic material, including a wall was found at 2.4 — 2.8 m. The 
lowest unit consisted of up to 2 m thick stream gravel deposits which correlate to the 
deposits in 107, T, and Pi. Auger core 103 produced an unclear stratigraphy of several 


disturbed soils with LH IIIB pottery. The Pleistocene base was hit at 4.5 — 5.0 m. ; 


é 


Trenches L, M, N were excavated between 1907 and 1909 and revealed LH IIIC walls 
immediately below the surface without FH and MH underneath (Gercke & Hiesel 1971: 2). 

Trench O, excavated in 1916, and located in the streambed NW of Tiryns produced similar » 
results. 
A recent deep excavation (G29) NW of the citadel by Kilian (1978) provided an oppor- 

tunity to reexamine the findings of the earlier trenches (Figure 38). Kilian found, directly 

under the turf, three building horizons dating to an early phase of LH mc. They covered 

1.8 m thick sand and gravel deposits including LH IIIB sherds. The excavation followed in 

one area a Late Geometric well to a depth of 6.5 m. This trench is still today exposed toa 

depth of 4.35 m. Reexamination of the stratigraphy revealed the regular Se 
paleosol in 3.25 — 4.35 m depth under two consecutive A horizons ie ed ig 

pottery. A layer of alluvium followed upwards in the sequence between 2.8 and 3.25 m. 

The A horizon on top of this layer contained LH IIIB1 sherds (2.65 — 2.8 m). Another 

alluvial unit at 2.25 — 2.65 m, again containing a LH IIIB1 sherd, was covered by wee 

layered gravel and sand deposits between 1.05 and 2.25 m. Texture (poor apes piv 
rounding) and structure (cross bedding) characterize these units as ae a 
deposits. They were covered by loam (0.3 — 1.05 m) containing anthropogenic 

the foundations of the early LH IIC buildings mentioned above. 


Auger cores 105 and 106 were taken just beyond the small stream north ae Sl 
reached to a depth of 7.3 m into the Pleistocene base, waich is cove y a a 
and a soil unit of apparent Neolithic age. Alluvial deposits form a homogenous laye bee 
1.9 — 5.1 m which correlates to the sand and gravel deposits in G29. The uppermost Bi 
consist of a disturbed top soil with much Mycenaean pottery which aetet iaige 
dump of Schliemann’s excavations. Some of this pottery also ict ae ps : pegiler: 

thus explaining the occurrence of a Mycenaean sherd in 5.7 m depth (in a Neolithic 5 


Hole U was drilled just 20 m north of the northern most tip of the limestone ee 
penetrated 2.5 m of disturbed soil with much pottery and hit stream gravel deposits be 
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2.8 — 5.0 m, again correlating to the gravel found in G29. The limestone bedrock occurs 
below the gravel layer. 


Trenches J and K have been excavated between 1907 and 1909 (Gercke & Hiesel 1971). J 


” 

: 
5 $6 = 8 8 revealed LH IIIC walls, whereas K produced the whole suit of Bronze Age strata (EH, MH, 
By : a5 3 - o LH including LH [IC walls). Auger cores 109 and 110 terminated at low depth in a rather 
e3 é i @ s% ; coarse and poorly sorted alluvium. Core 104, however, penetrated this alluvium and 
3 a3 £ 8 se 8 8 8 = reached to 6.8 m depth into the Pleistocene base. This consolidated paleosol is covered 
g 3 as 8 =3 3 8 5 with a 1 m thick early Holocene soil (4.9 — 5.9 m) very similar to the one in core 106 (5.1 — 
~ ws = 6.2 m). Above it are several stratified layers of disturbed top soils with abundant LH III and 


EH pottery (4.2 - 4.9 m). The main unit in this core (0.3 — 4.2) consists of unstratified, 
homogenous, coarse alluvium with abundant Bronze Age pottery fragments including a 
Mycenaean animal figurine (Figure 44). A drill hole (V) 100 m east of 104 produced a 
similar stratigraphy with a Hellenistic site and an additional 0.9 m thick stream and 


floodplain deposit on top. 


providing an opportunity to combine archaeological 
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The deposits in the area south of Tiryns (Figure 39) were first discussed by Verdelis (1963) 
who surmised that the white sand which he had found in his excavation (Figure 37: Ve) 
was deposited by a stream in the Early Helladic. According to Verdelis, this sand provided 
the dry land which enabled the first inhabitation of the lower town of Tiryns. Balcer (1974: 
146) suggests that Verdelis’ white sand was the result of bleaching and probably reworked 
by sea water. Bintliff (1977: 281) argues that the same flood horizons (Uberschwemmungs- 
horizonte) are rather recent, post-dating the Mycenaean dam and disturbing prehistoric 


stratigraphic drawing on the left was provided by the excavator. See text for 


Soils 


layers. 
The nature and extent of these stream gravel deposits south of Tiryns becomes apparent 
from the profile in Figure 40, a NW-SE cross-section along the western side of the citadel. 
The gravel deposits as well as an EH Il-site excavated in trench Pa, rest directly on the 
Pleistocene surface. Stratified Bronze Age sequences, including Early Helladic surfaces, are 
intercalated and superimposed with the gravel in excavations Ve and Pa. Therefore, the 
large alluvial cone southwest of the citadel must have been accumulated after the 
inhabitation of the EH IL-site in Pa, but before the end of the Early Bronze Age. This 
observation supports the evidence for a phase of major soil instability late in EH Il, as it 
was found in the Argive Plain and elsewhere in the Argolid (Pope & van Andel 1984). The 
presence of thick Early Bronze Age stream gravel deposits south of Tiryns does not mean 
that the torrent was confined to this area only during Early Helladic times, on the contrary, 
it appears to have used this bed from the Neolithic to the Late Bronze Age. The gravel 
merely proves a phase of increased sediment aggradation during one particular time (late 
EH ID of the streams’ existence south of Tiryns. Regardless of the potential threat of 
torrential floods, inhabitation southwest of the Tiryns knoll persisted throughout most of 
the Early Bronze Age as is evident from the findings in excavations Pa and Ve. Especially 
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the EH-site in Pa may indicate the presence of a more extensive Early Bronze Age 
settlement at Tiryns which would now be deeply buried (in this instance 5.45-6.0 m : 
deep). The undisturbed stream and floodplain deposits below 2.8 m in Pa, however, show __ 


. . 2 ] y 
that inhabitation was locally restricted by the stream’s unusual ferocity during EH II. _— 


Topography and aerial photographs reveal an alluvial cone southwest of Tiryns, as well as — 
a lowland swamp or marsh area WNW of the citadel. Thus cores 112, 114 and 108 were 
aligned to show the subsurface transition between these two units. When evaluating | 
geologic profiles for archaeological purposes one must keep in mind, that the drill cores 
are usually placed in order to reveal the unusual and not the normal depositional sequence 

in each area. The profile in Figure 40 thus begins a few hundred meters WNW of the 
citadel but comes very close to it near Pa and Ve (Figure 37). This particular direction was 
chosen in order to cover both the marsh deposits and its transition with the alluvial stream 
cone. A north/south traverse running at a short distance parallel to the limestone knoll is 
likely to reveal a relatively undisturbed stratigraphic record dominated by continuous 
deposition at a low rate and by strong human impact. Such a record was indeed found in 

the upper part of trench Pa and in form of stratified anthropogenic horizons with building 
remains in Tiryns West (Kilian 1988b). Although Tiryns lies on the distal edge of a large 
alluvial fan (Figure 6) and thus in an environment characterized by intermittent, high 
volume sediment accumulation, the western side of the settlement was sheltered from such 
torrential floods by the limestone knoll itself. One would thus expect the record of human 
occupation on the western side of Tiryns to be much more continuous and undisturbed 


than in the north, south and east of the acropolis. 


The extent and significance of the stream gravel layers south of Tiryns becomes more 
apparent from the profile in Figure 39, where they are generally intercalated with relatively 
coarse and consolidated overbank loams containing Neolithic to Late Helladic pottery 
(Figure 39: N/LH). Several meters of stream gravel and overbank alluvium were deposited 
while the stream passed through this area from the Neolithic to the Late Bronze Age 
(Figure 39: N/LH). Buried disturbed soils indicating former surfaces were found in Verdelis’ 
excavation (Ve) and in core 113. Stratified pottery of Early, Middle and Late Helladic age is 
reported from Verdelis’ excavation only. One excavation across the prison entrance (Figure 
37: Pi) revealed how the early Bronze Age inhabitants attempted to contain the torrential 
floods by channelizing the stream (Konsola 1984: 102), which might have been shifting 


between different braided channels. 

The top unit (Figure 39: LH III B) is an unconsolidated, relatively coarse and poorly sorted 
alluvial deposit, quite different in texture and degree of consolidation from the stream and 
levee sediments below it. The properties of this alluvium indicate a deposition further away 
from the stream channel: but no datable material was found in this particular unit and 
place. The surface contour parallels the Pleistocene paleosol in 5 m depth. 


To summarize, the environment south of Tiryns is characterized by a lack of deposition 
between the development of the Pleistocene paleosol and the earlier EH II period, whereas 
major soil erosion must have occurred during the later EH II period. A stream used to take 
its course south of the citadel from the Neolithic to the Late Bronze Age; it accumulated 


a 


76 


LANDSCAPE CHANGES AT TIRYNS 


Pleistocene base 


position is indicated in the upper 


g the western and southern side of the citadel whose 


nds (Figure 37- West) alon 
a recent excavation by the 


Figure 40: This cross-section exte 


lis, 1963), and three auger 


prison ground (Verde 


Ephoria (Pa), Verdelis’ excavation on the 


d through the deposition of the EH stre 


The NW-side of this profile remained topographi 


sketch. The profile includes 


surface contour as well as 


‘ame filled with swamp or marsh deposits in 


am south of the citadel shows up in the 


cally low until it bec 


cores. The alluvial cone which accumulate 


in the subsurface stratigraphy. 


post-Hellenistic time. 


LANDSCAPE CHANGES AT TIRYNS 77 


2.4 m of levee and overbank deposits in the Early Bronze Age. Nevertheless, inhabitation 
of this area continued during that time, when the limestone knoll of the Acropolis was still 
5 — 6 m higher relative to its surrounding. None of the deposits south of Tiryns were laid 
down in a shore environment as suggested by Balcer (1974: 146) and there are no 
indications for a former wetland south of the citadel either. 


A cross-section extending from the main gate of the citadel 300 m eastward (Figure 41) 
shows a simple threefold stratigraphy. The Pleistocene paleosol lies 6 m below the present 
surface, but comes up towards the limestone knoll on which the citadel was erected. It is 
covered by a Neolithic to Late Helladic soil recording a relatively long period of nonde- 
position in this area. EH Ill sherds were recovered from this unit in core 104. The most 
striking aspect of this profile is the up to 4.9 m thick, poorly sorted alluvial unit which 
correlates with the surface unit in the profile south of the citadel. According to the large 
number of sherds found in core 104 this layer may have been deposited during one single 
event in LH IIIB2. Apart from a more recent sediment at site V the deposition in this area 
has dropped to zero after the flash flood, thus the LH IIIC surface is nearly identical with 
the present one. 
The key to the understanding of the Holocene stratigraphy lies north of the citadel. 
Especially the large exposure of the Tiryns NW excavation combined with its detailed 
archaeological record helped clarifying the environmental history. As mentioned above the 
trench revealed a sequence of soils and alluvia including sherds from the Neolithic to LH 
IIIB period, which were covered by stream deposits and LH IIIC houses. Accordingly, the 
river which used to pass south of the citadel changed its bed during the later half of LH 
IIIB, thereby depositing over two meters of sand and gravel north of the acropolis (G29) 
and almost five meters east of it (Figure 41: LH IIB). 
A N-S cross-section to the north of the citadel (Figure 42) shows the LH III B stream gravel 
deposits to be covered by a much less extensive recent successor. Both units where 
penetrated in power hole U just north of the limestone outcrop. After the Bronze Age this 
stream was clearly reduced. The stratification in this profile begins with the Pleistocene 
paleosol at the bottom, covered by a thick Neolithic to Early Helladic soil. The thick LH Ii 
B alluvium correlates with similar deposits found east of the citadel and dates back to the 
shifting of the river from the south to the north of the citadel. The surface in this area 
consists of a 1 — 2 m thick artificial fill, possibly representing the dump of the first excava- 


tions of the citadel. 


Reconstruction of the Environment around Tiryns 


At the end of the Pleistocene the Argive coastal plain was covered by a sparse steppe 
vegetation which grew on a mature and fertile Pleistocene soil. The low vegetation density 
and the high amplitude of temperature fluctuations must have resulted in some soil 
instability and erosion at higher elevations. The limestone knoll on which the Tiryns citadel 
rests today, was then situated on the edge of an active and extensive alluvial fan, whose 
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Pleistocene channels are still recognizable in aerial photographs. The hill was at least 25% 
higher than today and, because sea level was much lower, over ten kilometers away from 


the shore. 


Human habitation of the area seems to have begun during the Neolithic. Artifacts from that 
period have been found at Tiryns (Jantzen 1975: 75) and in one of the auger cores, 1 km 
south of Tiryns, a Middle Neolithic site was found in 5.5 m depth. It had been established 
below the small Profitis Ilias hill, facing the fertile coastal plains. There may have been 
more such dwellings in similar settings, which would now be concealed from archaeo- 
logical examination by several meters of alluvium. 


The large circular building at Tiryns and the important settlement at Lerna combined with 
several sites and ubiquitous EH II pottery in the Argive Plain point to dense inhabitation 
and intensive land use during the Early Helladic II period. Remains of EH settlements have 
been found especially to the south of the Tiryns citadel: these sites are today buried to a 
depth of 6 m (Figure 40: Pa). In prehistoric times, a stream took its course south of the 
citadel, where it deposited several meters of sand and gravel during the later EH II period. 
An artificial levee wall from this period was discovered in one excavation (Fi "igure 37: Pi), 
indicating how the Early Bronze Age inhabitants tried to cope with the ephemeral floods of 
the stream. The increased river activity coincided with a general phase of soil instability 
detected in the Argive Plain and Southern Argolid. At the end of the Early Bronze Age 
much of the shallow coastal bay had been filled in with alluvium causing the shoreline to 
move seaward. 


There are no indications for profound landscape changes during Early Helladic II and 
Middle Helladic. MH sherds were found in the auger cores, but were not abundant. The 
stream kept its path south of Tiryns, where overbank alluvia record limited floods (F; igure 
40: Ve, Pa) that reflect regained landscape stability, possibly due to a drop in population 
density. 


When the Mycenaeans erected the palace at Tiryns the site was about one kilometer aw ay 
from the sea. The sandy beach in between provided extra protection as well as a natural 
harbor. The stream appears to have used the course south of the citadel until the second 
half of LH IIIB, when it shifted north (Figure 43, 2), possibly because the alluvial cone 
south of the citadel had become topographically higher than the northern area. This initial 
change in streambeds was accompanied by a catastrophic flash flood which discharged 
large amounts of sediment especially in the east, but also north and south of the citadel. 
The flashflood may have been a single event; it dates to the end of the LH IIIB2 period 
and may thus coincide with an earthquake whose record was found in the damage of 
masonry of the citadel at about the same time. The area east of the citadel probably 
including parts of the lower town was buried during the flood up to 5 m deep. To prevent 
such catastrophes in the future, the Mycenaeans at Tiryns then built the dam and canal east 
of Nea Tiryns (Figure 43, 3) and redirected the stream 1 km farther south (Karo 1930: 112; 
1934: 126; Philippson 1959: I 485; Verdelis 1963: 5; Balcer 1974; Jantzen 1975: 70 — 71; 
Bintliff 1977: 280 — 282). The diversion has remained intact to the present day thus 
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Figure 43: Map showing the Bronze Age landscape evolution of the area around Tiryns. During the Early 
Bronze Age the coastline reached its landward most position, eroding the small Profitis Ilias south of Tiryns 
and coming close to the limestone knoll of Tiryns itself. The Manessi stream then used a bed south of the 
citadel (1). The coastline regressed quickly due to soil erosion in the hinterland and redeposition of the 
eroded material in the shallow bay. A large alluvial cone accumulated South of Tiryns (EH). In the Late 
Bronze Age the shore had reached a position closer to its present location then to the maximum 
transgression. During the LH III-B period the stream at Tiryns shifted to the north of the citadel (2). Still in the 
same period a catastrophic flash flood buried the area East of Tiryns under up to 4.7 meters of mud (LH) 
causing the inhabitants of the settlement to redirect the entire stream into the bed of a parallel torrent (3) by 
constructing a dam and digging a canal. 


inhibiting deposition in the lower town and preserving the landscape as it was in the LH 
IIIC period. Buildings of this period were found just below the present surface. — The 
small creek which currently passes north of the citadel now only drains the area below the 
Mycenaean dam. In post-Hellenistic time, during a phase of increased marshiness, a swamp 
formed between Tiryns and the sea filling the former stream bed with black mud deposits. 


al 
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The archaeological stratigraphy of the lower town around the Tiryns citadel has always 
been characterized as enigmatic (Gercke & Hiesel 1971; Balcer 1974: Jantzen 1975). The 
geological investigation confirms this impression and provides some explanations for the 
complexity. Ten centimeter diameter needle stitches of a hand auger, however, must be 
considered inadequate to reveal the full history of inhabitation and deposition. Even with CONCLUSIONS AND DISCUSSION 
the knowledge of the environmental evolution Tiryns’ lower town will remain a difficult | pair is 5 : 
target for archaeological excavations, because each side of the citadel bears a different 
record. Nevertheless, Tiryns may represent a promising target for further scientific scrutiny 


Fait. . The identification and analysis of the stratigraphy in the Argive Plain permitted a recon- 
considering the remains which may have been buried by the flood. : dba S P 


struction of the environmental history during the Late-Quaternary, The Argive Plain ex- 
tended 10 km farther south 18,000 years ago and had a stable soil surface. A relict of this 
landscape stability is reflected by Pleistocene paleosols which are still exposed on alluvial 
fans along the margin of the plain. The Late-Quaternary depositional environment was 
dominated by rare floods of the perennial streams, mainly the Inakhos River. The sedi- 
mentation rate varied between 0.1 m/1000 years during the last glacial and 0.8 m/1000 
years during the last interglacial and the Holocene. The uppermost 30 m of the Late- 
Quaternary stratigraphy include three interglacial marine sequences which contain fossil 
populations significantly different from the Holocene (Zangger & Malz 1989). The sedi- 
ment petrography and physical appearance of these marine deposits were altered by 
diagenesis and soil formation processes when they were exposed at the surface during 
glacial low sea level (van Andel, Zangger & Perissoratis 1990). 


The sea level rise shifted the coastline far inland of its present location, resulting in a 
maximum transgression during the Early Bronze Age at 2500 BC, when a large part of the 
coastal plain, including Neolithic sites, were drowned. By then the landscape stability had 
ceased and extensive, several meter thick alluvia were deposited during the Final Neolithic 
and Early Bronze Age. This enhanced deposition forced the coast to regress soon after it 
had reached its peak position. 


The geological record does not supply information regarding the cause of these alluv- 
iations. Three events occurred in the mid-Holocene which could have led to enhanced 
erosion and deposition. (1) The high sea level shifted the main area of sediment accumu- 
7 ‘ ; lation from the shelf edge to the present coastal plain. (2) The climatic optimum of the 
Figure 44: Fragment from a Mycenaean animal figurine found in auger core 104 (cf. above, page 73). post-glacial could have bre sught vegetational changes which would generate Sil instability. 
(3) The change in land use techniques between 5000 and 4000 BP, when the plow was 
introduced in Greece and the population increased significantly, could have triggered 
widespread soil erosion. A recent synoptic review of geoarchaeological landscape recon- 
structions in Greece came to the conclusion that phases of soil instability vary from area to 
area; they do, however, occur within 500 — 1000 years after the expansion of agriculture 
from the plains to the hills and thus seem to be primarily human-induced (van Andel & 
Zangger 1990). 

Alluviations also occurred after the Early Bronze Age, but they were of limited extent and 
did not change the overall character of the Argolid. Almost 5 m of floodplain and stream 
channel deposits were laid down in one single event near Tiryns in the Late Bronze Age. 
Since the end of the Mycenaean era deposition was limited to the streams and the foothills. 
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Several meters of overbank loam accumulated near the Inakhos and colluvial deposits 
occurred in the Classical period around Argos. 


Lehmann’s monograph about the Argive Plain (1937) describes a soil stratigraphy which is 
similar to the one in this publication. He consulted chemists (Blanck & Giesecke 1931; 
Lehmann 1931) to produce detailed analysis of the soils and distinguished three units: (1) 
he found bright red “Braunerde” toward the margin of the plain. A soil which resembles 
lerra rossa except for its Fe/Al-ratio and is described as Pleistocene paleosol in this study. 
(2) Lehmann’s second unit was “Gelberde” which he found mainly in the center of the 
plain. This is the unconsolidated recent alluvium which occurs mainly along the streams, 
especially at the Inakhos. (3) Finally, Lehmann recognized an intermediate unit with the 
dark red color of the older “Braunerde” but chemical characteristics of the younger 
“Gelberde”. Those soils are the Neolithic to Early Bronze Age alluvia in the present 


stratigraphy. 


Bintliff's (1977) depositional history for the Argolid, on the other hand, is very different 
from the one described here. He assumes all Holocene alluviations to have taken place 
during the last 2000 years, so that his model does not accommodate the deposition of the 
most extensive alluvia in the Neolithic and Early Bronze Age. Bintliff also states that pre- 
historic farmers would have preferred the soils in the hill zone over the ones in the plain 
because of “the greater natural fertility, moisture and tillage properties of the Neogene and 
flysch soils” (p. 336). This, however, does not explain why farmers today prefer the soils in 
the plain over the ones on the hills, and why Homer, 2700 years ago, called the plain “rich 
in wheat” and “horse-feeding”. According to Bintliff the plain was of little economic signi- 
ficance in prehistory and had been swampy until recently. But the present study indicates 
that the quality of the prehistoric soils for agriculture was the same as today; the soils are 
actually identical in many areas. This perception also explains why the Argive Plain could 
become such a prime cultural area. Given the results of recent geoarchaeological investi- 
gations in Greece, Vita-Finzi’s twofold “Older Fill/Younger Fill” concept seems no longer 
tenable (Wagstaff 1981; Pope & van Andel 1984; van Andel & Zangger 1990). 


The reconstruction of the depositional history in the Argive Plain is especially important for 
the analysis of the prehistoric settlement distribution. Sites and sherds of Neolithic age in 
auger cores from the coastal zone indicate that Neolithic people lived along the shore 
before the peak of the sea level rise. The Pleistocene soils were stable at least until the end 
of the middle Neolithic. The most widespread Holocene alluviations occurred during the 
Final Neolithic and Early Bronze Age. Neolithic sites on hill slopes became eroded and 
show up today at best as vestiges (Cherry et al. 1988), whereas the ones in the plain and 
especially along the coast became deeply buried. As a consequence the present visibility of 
Neolithic sites does not provide an accurate impression of the Neolithic population. 


According to the sites and sherds found in the exposures the inhabitation seems to have 
been especially dense in Early Helladic II while almost no finds of EH II, MH, LH I, and 
LH II were made. Diagnostic Late Helladic III pottery occurs around the Mycenaean 
palaces and in the hill zone surrounding the plain (Taranto 1982; Kilian 1988), but is rather 
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rare at places away from the major sites. Small Classical and Hellenistic houses were found 
at several places in the plain and extensive used soils of Classical age occur around Argos. 
Finally, during or after the Hellenistic, a phase of increased marshiness must have befallen 
the coastal land. 


In conclusion, the prehistoric landscape evolution of the Argive Plain showed widespread 
soil instability mainly in the Final Neolithic and in Early Helladic I. At that time some 
archaeological sites became eroded on the hill slopes, while others in the coastal plain 
were deeply buried. Since the end of EH II, however, the inland part of the Argive Plain, 
north of the road from Tiryns to Argos, has remained virtually unchanged. Today’s fertile 
soils are to a large extent identical with the soils available to Mycenaean and Classical 
farmers. Only the coastal strip, south of the road from Tiryns to Argos, has continued to 
change in historic time. 


-,. 


ABSTRACTS 


The Argive Plain is a large coastal plain on the Peloponnese peninsula in southern Greece. 
Embedded in a mountainous area the plain excels because of its rich arable land and its 
outstanding archaeological importance. The area has been a focal point of archaeological 
interest ever since Heinrich Schliemann excavated the Bronze Age citadels at Mycenae and 
Tiryns a century ago. During this research project the Holocene environmental evolution of 
the Argive Plain was reconstructed including the geological and biological environment, 
the depositional history, the quality of ancient soils, eustatic and tectonic changes, and the 
coastline development. The study is based on the late Pleistocene and Holocene sub- 
surface stratigraphy which was identified in drillholes, auger cores, and outcrops. The 
surface was investigated by means of aerial photographs, Landsat-images, and small scale 
topographic maps. Sample analysis were carried out to achieve detailed soil and sediment 
descriptions and to determine the microfossil population. Deposits were dated by radio- 
carbon method and by buried archaeological deposits with associated potsherds. Due to 
the glacial low sea level the Argive Plain extended 10 km farther south 18,000 years ago. It 
had a stable soil surface at that time and deposition was limited to the shelf. The coastal 
plain was occupied by man in the early to middle Holocene as is recorded by Neolithic 
sites and disturbed soils. The post-Pleistocene sea level ceased to rise in the early Bronze 
Age when an area extending inland up to 4.7 km from the present coast was covered by 
water. A beach barrier and a freshwater lagoon developed on the west side of the plain. 
The first Holocene alluvia were deposited during the transgression and became partly 
eroded by the sea. A major phase of land instability in the early Bronze Age, however, 
turned the erosional coast into a depositional environment and caused an early regression 
of the shoreline. Since then the inner plain has essentially remained stable while the 
coastal zone went through continuous changes. The environmental history of the pre- 
historic settlements at Tiryns turned out to be closely linked to the Manessi stream which 
had its original course south of the citadel, where Early Bronze Age levees were found. 
Until the LH IIIB the settlement extended north and east of the citadel, avoiding the river 
levees in the south. Then, however, the stream shifted north of the citadel thereby flooding 
and burying parts of the lower town of Tiryns under 3 — 5 m of mud and gravel. To 
prevent future floods of the lower town the people of Tiryns constructed a dam 3.5 km 
ENE of the citadel to redirect the stream 1 km south. All further sedimentation at Tiryns 
was then cut off so that LH IIIC ruins are still near the present surface. Landscape changes 
since the end of the Bronze Age have been relatively minor. There has been a phase of 
increased marshiness in the coastal zone in post-Hellenistic time and a few Hellenistic 
houses were found up to 1 m below the present surface. In general, however, the 
character of the Argive Plain has remained unchanged since the Bronze Age. 
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Abstract (German) 


Die Argivische Ebene, eine 243 km? gro&e Ktistenebene auf der Peloponnes in Stid-Grie- 
chenland, zeichnet sich durch ihr ungewohnlich fruchtbares Ackerland in einer ansonsten 
kargen Berggegend und durch ihre herausragende Rolle in der archaéologischen Geschichte 
Griechenlands aus. Sie ist ein Schwerpunkt archdologischer Forschung seit Heinrich Schlie- 
manns Ausgrabungen der bronzezeitlichen Zitadellen in Mykenae und Tiryns. Das Ziel der 
vorliegenden Studie war es, die holoziine Landschaftsgeschichte der Ebene zu rekonstru- 
ieren und folgende Faktoren zu bestimmen: den geologischen Ablagerungsraum, die Sedi- 
mentationsgeschichte, die Qualitat priahistorischer BGden, den Betrag eustatischer und tek- 
tonischer Verinderungen, und die Entwicklung der Kiistenlinie und der ktistennahen Bio- 
tope. Diese Untersuchung stiitzt sich auf die spatpleistozane und holoziine Stratigraphie, 
Wie sie in Maschinen- und Handbohrungen und in Aufschliissen angetroffen wurde. Die 
heutige Oberflache wurde mit Hilfe von Luftfotos. Satellitenbildern und hochauflésenden 
topographischen Karten untersucht. Fiir Sediment- und Bodenbeschreibungen und um die 
Mikrofossilienpopulation zu bestimmen wurden einzelne Laborproben untersucht. Die Stra- 
tigraphie wurde mit Hilfe von archiologischen Ablagerungen und der Radiokarbonmethode 
datiert. Wegen des niedrigen glazialen Meeresspiegels erstreckte sich die Argivische Ebene 
vor 18000 Jahren 10 km weiter nach Siiden. Damals waren die B6éden der Ebene stabil, und 
Sedimentation fand lediglich am Schelfrand statt. Neolithische Fundstellen und anthro- 
pogengestorte B6den beweisen, da die Kiistenebene im friihen bis mittleren Holozan von 
Menschen genutzt wurde. Wahrend des Holoziins verlagerte sich die Kiistenlinie durch den 
interglazialen Meeresspiegelanstieg bis zu 4,7 km landeinwiirts ihrer heutigen Position. 
Diese maximale Transgression wurde ca. 2500 v. Chr. erreicht. Auf der westlichen Seite der 
Ktistenebene trennte damals ein Strandwall eine SUBWwasserlagune vom Meer. Die ersten 
holozanen, alluvialen Ablagerungen treten noch wihrend der Transgression auf; sie wurden 
teilweise an der Kiiste erodiert. Erhebliche Bodenerosion und -umlagerung in der friihen 
Bronzezeit verwandelten die Erosionskiiste in ein Ablagerungsgebiet und fiihrte eine friihe 
Regression herbei. Seitdem ist die innere Ebene fast unverindert geblieben, wahrend die 
Klstenzone weitere Verainderungen durchlief. Die Besiedlunggeschichte von Tiryns er- 
scheint eng mit der Entwicklung des Manessi Baches verbunden zu sein. Vom Neolithikum 
bis zur spaten Bronzezeit nahm dieser Bach seinen Lauf siidlich der Burg, wo in einer Aus- 
grabung ein frihbronzezeitlicher Damm gefunden wurde. In der SH IIIB Zeit erstreckte 
sich die Besiedlung in der Unterstadt offenbar vor allem nach Norden und Osten, um die 
Gegend des Flusses im Stiden zu vermeiden. Dann wechselte der Flu jedoch sein Bett in 
den Norden der Zitadelle: gleichzeitig wurden Teile der Unterstadt von Tiryns tiber- 
schwemmt und unter 3 — 5 m machtigen Schlamm- und Kiesablagerungen begraben. Zur 
Vermeidung weiterer Uberschwemmungen wurde von den Bewohnern von Tiryns 3,5 km 
Ostnordost von Tiryns ein Damm errichtet und der Bach in ein 1 km stidlich verlaufendes, 
paralleles Bett abgeleitet. Der Damm unterband jede weitere Sedimentation in Tiryns, so 
daf SH IIIC Ruinen nahe der heutigen Oberflache zu finden sind. Nach dem Ende der 
Bronzezeit hat sich die Landschaft nur noch geringfiigig verandert. Gro&ere Feuchtgebiete 
entstanden noch einmal in der Ktistenzone in nach-hellenistischer Zeit, und hellenistische 
Hauser wurden in bis zu 1 m Tiefe gefunden. 
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Abstract (Greek) 


To ApyoAtko nedto eivont wie peyaAn nopaxtia medi650. otHy xepodvvnoo tg MeAonovvijsov, 
ot Notia. EAAdSa. H nediddo. avth mepikreieto and opewovds dyKovg Kor SiaKpiveto yo. 
TV TAOVOLE. KaAALEpyioun yh KO TH NEyYGAN oNnLacta tS yLa THY apyoroAoyia. To apyor0- 
AoyiKd evdianpépov Exel EOTIMOTEL O'HVLTHY aNd THY Exoxh nov o E. LAnwav avexcAvwe tic 
OKPOTOAEIS THS ENOXNS TOV XaAKov otig MuKhvec Kat thy TipvvOa xpiw eva crmvea. Kate tm 
Sis pKela TNS Epevvac avtis eyive avanapaotacn ths eFéArEns tov mepiPaAAOVtOS <0 
ApyoAikov nediov Kata to OAdKatvo, reptdapBavopévon tov yewAoyrKod kat Brohoyixow 
nepiPGAAovtos, TS lotopias evandBeons tov .Cnudtov, tS noLWTHTAS Tov apyatov edagey, 
EVOTATLIKMV KOL TEKTOVIKOV LETAPBOAMV, KaL THC ECéALENS tHE aKToypauUNs. H peArety exer 
Baciotel OMY OTPHLATOYpaMia Tov vTEdagoUS Kate to AV@TaTO HAeroroxave - Ohoxoswvo n 
onoia exe MPOGSiopiotet ANd YEOTPNGELS, YEIPOYEWTPNGEIS KL ExiMavELaKés EuOavicers. H 
eripavere éxe1 avaAvbet pe Buon aepopwtoypagiec, SopuopiKkéc purToypaptes LANDSAT xan 
TONOYPAPLKOUS YaPTES eyGAns KAtbaKac. “Eywav derywatoAnntixés avadvoeic ne ve e€cr- 
coadiotovv Aentouepets meprypaés cdGovc Kor CHUGT@V Ka yO Ty mpoasiopioye mAn@v- 
ouovd uikpoaroAWoudtov. Adyo yaunAns ot&Buns ths BdAacous Kate THY naryeroon neptodo 
mpw 18000 xpovia,, 7 medida tov ‘Apyous exteidtayv Kata 10 Xu Pog Noto. Exel ™mV 
exoyn vmNpxe wa otaBeph exrpcvere. ed&ov¢5 Kar n evard8eon 1Cnudtwv mepiopiCotayv othVv 
voadoKpnnrida. 


H nopaéxtia nedidada KatouxnOnke Katé to Katétato i Méoo OAdKkavo, ona Suomoroveran 
and NeoA8ixovs orxispovs Kor Siatapaypéva maAo.o-edcon. H pero TI NeroKentyinn ordiOyn 
tS BdAaooas GTANATHOE VO: AVYOVETEL OTIC APES TNS Xaloxpaticsg Otav puree TEpLoyn mov 
EKTELVETAL MPOs TO Epos THS Enpacs WExPL 4.7 YALL ad TH ONLEPI CRCOYPOET etxe Kadvobet 
and ta vepc. “Eva @voixd napGKTio MpayLa Kat pio Aipvy vAuKoD vepov aver toxOnKe om 
Sutiky axty ms nedidbac. Ta pata OAoKkaivixd aAAovBie onoteOnKov wines ™ SidipKerat TS 
Dardooias exikAvons Kat Ge KaN0LO TOGOGTO SioBpabnxav ano T OaAacoa. Mio eu piet 
odon actaBiac ths Enpac Katé& tHY PON XaAxoxpatia,, RENTING, pereBadAe om diaBpov- 
Levy aKth oe nepiPaAAov andBeons Ko RPOKGAEcE [1a TPOWN carOOUPON ™< Odhacoas. =m 
ovvéxela, To eowtepiKd pépoc th¢ nediddac napépewe ovoraotixa otaBepd, evo n Con tm> 
AKTIS yvOpioe ovvexeic aAAaYES. 
H neptPadAovtoAoyiKy totopia tov TpoiotopiKOy o1KLoHOV ™s<S TipvvOac vumnpce ome 
ovvdedenévn pe to MeyéAo Pépa,, tov onotov n apyixn Béon Atav VOR ot T™mV aKporo mM, 
6xov Mvolke avaxoauata THs KoitHs (levees) TS TPaUNS Xadxoxpariog exouv weeee 
Méxpt tyv YE III B mepiodo o o1xropdg extewwotav Bopera Kat ovanon ices ond thy oxxporo n, 
ANOPEVYOVTAS TA PVOIKE AVAYXOLATA TNS KOITNHS TOV ROTaHOv [pos voto. zen ouvexerd, 
NEVTMS, TO peda HeTaATORIoTHKE POpela and uy aKporoAn, ba yla vo EROpuyooy 
WeAAovtikés TANUMpES THS KaT@TEpNS NOANG, Ot RanOTROL tm TipvvOas ee 
ppeypa 3,5 yAu avatoArKkd—PoperoavatoAiKke od THY OKPOROAN, YU VOL ENAVAKET VOUV 
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TO pevpo 1 yAu voria. Mdvtmc, 0 ceiouds oto 6pto tH YE HIP/y patvetor vor KOTEOTPEWE TO 
PPAYLO., TPOKAA@VTAS FapviKH TAHUMOp Tov KGAveE LEYGAO THLE THC KéTHO mdANC aK 
SOTPONA Acorns Kai KpOKAAdV néyRVUG 3 - 5 LL. ne 
iv TO Savorxtiowso TOV PPayLatoc n evandBeon iCnuatov otny TipvvOa dSiaKdmyKe, KoA 
yu avto ve epeimia t¢ YE Illy repiddov Bpioxovtar kovté otn onpepwh anegvete Or 
peraBoXes t¢ Moppodoytac tng mepLoxns Hetd to tTéAog tH XaAKoKpatias vmpEav opti 
HuKpes. Ymnp&e ta pc.on avertvEns tedwdtov omy rapaxtia Covn weté tove EAAnviotixots 
xpevons, KO Hepucd oritia tH EAAnviotixiis reprddov BpéOnxav oe PéOos péxpr 1 we Keto 
ano tH Sutepivn enipavero. tov edcpovg. Le yevixés ypappés ma&VtM<, o XAPAKTHPAS Tov 
ApyoArkod nediov napéuewe apet&BAntos and tv exoxt tov XaAKov. f 


(Translated by Stathis Stiros) 
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CHRONOLOGICAL TIMETABLE 


| 14¢-Dating Approximate Historical Dating 
| before 35000 bp Middle Palaeolithic 
_ 35000 — 10500 be Upper Palaeolithic UP 
| 10500 8000 bc Mesolithic M 
6000 5000 BC Early Neolithic EN 
5000 4500 BC Middle Neolithic MN 
4500 4000 BC Late Neolithic LN 
4000 3200 BC Final Neolithic FN 
3200 2800 BC * Early Helladic | EH | 
2800 2350 BC * Early Helladic tl EH Il 
2350 2150 BC * Early Helladic III EH Ill 
2150 1650 BC * Middle Helladic MH 
1650 1100 BC * Late Helladic [Mycenaean] LH 
950 900 BC Protogeometric PG 
900 850 BC Early Geometric EG 
850 750 BC Middle Geometric MG 
750 675 BC Late Geometric/Subgeometric LG/SG 
675 480 BC Archaic A 
| 480 350 BC Classical Cc 
350 250 BC Late Classical/Early Hellenistic C-H 
250 50 BC Later Hellenistic H 
| 50 BC 250 AD Early Roman ER 
250 300 AD Middle Roman MR 
| 300 610 AD Late Roman LR 
900 1600 AD Medieval Med 
| 16the 1821 AD Early Modern 
1821 present Modern 


This chronological tim 


etable is provided as a tool for non-archaeologists and not meant to 


redefine historical periods. It is based on van Andel & Runnels (1987) and was compiled 
with the advice of Curtis Runnels. The Bronze Age periods are marked with an asterisk (*). 


Soil descriptions were made according to the guide 
Agriculture (Soil Survey Staff, 1951; 1975). The fe lowing: 
20, 22and 23: aa 


Information on the site 


slope: 1 = flat or almost flat (0 — 2 %) : meant Ge fh 
6 = very steep (more than 55%) “i Shas 
drainage: 4 = well drained — water is removed from the soil re 
stoniness: 0 = no stones or very few stones i ; 
‘ = stony, sufficient stones to make tillage of er 
rockiness: = no bedrock exposure (less than 2 % bedroc! 


Texture 

c clay 

| loam i se 
s sand > 
si silt 


cl clay loam a a 


Is loamy sand ia 
scl sandy clay loam ee Ne 
sicl silty clay loam <f 
sil silt loam Pa 

sl sandy loam : 


Sort DESCRIPTIONS 


= AUGER CORE 
Abbreviations: 
Depth: in meters te ee 
Texture: according to Folk (1980) for sediments ( 
according to Soil Survey Manual 

. Color: Munsell-color in 
: Samples: M _ microfossils pas my! 
‘ errs 
4 S soil <—t 
: C ceramics 
| P phosphate 4 
| radiocarbon dating 
f 
F AP-01 
: 
i 
> 

aie 

Sn ; 

ae irk AS as 


200 m N of AP-02, 50 m N of the fieldroad 


AUGER CORE DESCRIPTIONS 


10YR3/3 
10YR4/4 
yellowish 
brown/gray 
5BG4/1 
7YR5/0 
7YR4/0 
10YR3/2 
10YR4/6 


2.5YR3/0 
5Y4/3 
2.5Y4/0 


il 
7.0m 


10YR3/3 
10YR4/4 
5Y5/1 

dark brown 
5Y2.5/1 
10YR5/6 
10YR3/1 
dark brown 
10YR4/6 


very tough, increasing amount 
of tiny roots 

no fauna, abundant roots, 
especially in upper section 


tough 


few shell fragments 


gravel and shell fragments 
sharp upper boundary, abundant 
tiny shell fragments 


Miscellaneous 


many roots 


many roots 

roots 

roots, nodules 2— 4 mm 
similar to 2.7 - 3.0m 
plant material 


——— 


- 


oe 
AUGER Core DESCRIPTIONS | he 
= eee 


AP-05 


Depth: 7.2m 


230 m N of AP-04, 5 mN of the fieldroad, 300 m E of the 


top soil 

soil 

alluvium 
marine/subaqu. 
alluvium 
paleosol 
paleosol 


AP-06 Cross-Section: Il 
Depth: 2.7m 
20 m N of the road from Nauplion to Nea Kios 


Number: AP-07 
Elevation: 
between AP-01 and AP-06 


AUGER CorE DESCRIPTIONS 


il 
lected ae 2.5m 
tween AP-01 and AP-02 


light brown 
LH 
pebbles 0,2 -2 cm 


Depth: 
of AP-03, at the beach 


Miscellaneous 


brown 
light gray fine shell fragments, no shells in 


“ and brown life position 
| marine zs blue gray homogeneously distributed shell 
w, fragments 
os drowned soil z gray no shell fragments, very 
_— homogeneous 
paleosol Z gray nodules 
| paleosol z light gray to many nodules ca. 5 mm, 


yellow brown tough 


_AP-10 Cross-Section: 
Depth: 5.5m 
1 km N of the road to Nea Kios 


2564 + 220 BC, woodsample, 
= carbonized plant remains, 
= ange increasingly red, no nodules 


| 
| 


Pee 


—_——s 


. ae 
AUGER Cone’ DESCRIPTIONS — nt ii 


Number: AP-11 


100 m S of AP-10 


top soil 
soil 
alluvium 


gray brown 


2.5-2.8 disturbed soil ? black-red-brown 
2.8-3.6 alluvium sZ yellow/gray 
3.6 -—4.2 bog, burnt soil dark gray 


alluvium 


paleosol dark brown 


yellowish brown 


paleosol 


Cross-Section: i 
Depth: 7.5m 
400 m S of AP-10, inside the triangular fieldroad junction 


AP-12 


light gray-brown 
7.5YR3/4 
black 


dry top soil 
soil 
disturbed, burnt 


2.6-2.9 soil Z 10YR3/3 

2.9-3.8 alluvium Z yellow and gray 32°°S 

3.8-4.1 disturbed soil ? Z 10YR4/2 39 S 
alluvium Z 10YR4/1 


45-56 alluvium 10YR4/6 
5.6-6.5 paleosol 40YR3/2 5.7 s 
6.5-7.5 paleosol 7.5YR4/6 s 


“ 


init les > 


ri 
» 


. -s V 
Depth: 3.6m 
oe Wt 

‘of the road to Profitis Elias 


Texture Color 


sM brown 

Zz dark brown 

Ss light brown 
light gray 
blue gray 


‘ Depth: 9.0m 
150 m distance to the railroad 


Texture Color 


brown 
sZ light gray 
sZ light gray 
zS blue gray 
gray brown 
orange 
AP-17 Cross-Section: Cc 
Depth: 7.1m 


Texture Color 
sZ brown 
soil ? sM dark gray 
sZ gray brown 
sZ gray 
a= 2 reddish brown 
behest a 
a “Pe : 


Samples 


16 S$ 
23 S$ 
26 S$ 


Samples 


Samples 


3.8 
4.5 
48 
5.3 


=EaNWE 


buried soil, very dark 

some roots, few shell fragments 
Cerastoderma 

abundant shell fragments and 
shells in life position 


Miscellaneous 


snails, dark layer in 1.8m 

few shell fragments 

shell fragments Cerastoderma 
up to4cm 


nodule 


120 m S of the road that crosses the railway tracks — 10 m from the railroad 


Miscellaneous 


buried surface ? 
roots 
Helicella 


shell fragments, roots 


ee 
; al f ‘ 
AUGER Core DEscrIPTIONS it oiay 
— Jee 
Number; — AP-18 Cross-Section; = =-V eat 
Elevation: Depth: 8.0m ae 
between railway tracks and road to Argos 


floodplain 


deposit 10YR4/2 
alluvium 


subaqueous 


gravel 
subaqueous 


paleosol 
paleosol 


AP-19 


Depth: 
100 m E of the road to Argos 


floodplain 


deposit See calle 
2.8-4.0 soil msG orange brown 3.2 S pebbles up t 
4.0-5.1 soil sZ brown orange 5.0 14¢ 6240 +125 bp 
no gravel - na 
51-60 site z black/red 5.2-6.3 C M-L Neolithic, 


5.35.4 shells, sherds, ct 


Depth: 
e road to Nea Kios 


Miscellaneous 


homogeneous, abundant shell 
2.1 S fragments in life position 


zS dark blue abundant shell fragments, more 


sandy, no clay, homogeneous, 

few Cerastoderma under 5 m 
Zz 5GY4/1 8.5 S nodules 2 mm, soil color is 
alternating light and dark 
between 8- 11m 
30% of the material are nodules 


Miscellaneous 


gray brown 


shell fragments 
sZ gray shell fragments 


Miscellaneous 


under 0.5 m abundant shell 
fragments 


homogeneous shell distribution 
tough, no shell fragments, roots 
in 6.3 m, nodules 2—3 mm 

tough, nodules 


AP-23 
Depth: 
boundaries unclear 


AP-24 Cross-Section: 
Depth: 
in the center of profile V 


present soil 
soil 

soil or alluvium 
marine 

marine 
paleosol 


paleosol 
paleosol 


AP-25 ree 


: 8.5m 
30 m E of the road from Nauplion to Tiryns 


levee deposits 
floodplain 


deposits 
disturbed soil 


paleosol 
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: , AP-26 Cross-Section: V 
Elevation: Depth: 1.4m 
: same place as AP-25 
Texture Color Samples Miscellaneous 
+ — 


levee deposits yellowish 


rocks in 1.4m 


Miscellaneous 


brown 
IV 
8.0m 
Color Samples 
top soil dark brown 
0.6 — 1.5 alluvium gM light gray/brown 
1.5 -3.3 marine zs gray/yellow 
3.3-4.8 marine sZ blue gray 
48-54 ? M dark gray 
5.4-6.2 paleosol gray 
6.2-6.6 paleosol sM orange brown 
6.6 — 8.0 ? sZ very light pink 


snails 


no shell fragments in upper part, 


containing plants, considerable 
amounts of marine organisms 

such as shells (Cyclope), snails, 
and corals in lower part 


tough, no organisms 


nodules 


nodules, soil perhaps altered 
through freshwater spring 


AUGER CORE DESCRIPTIONS 


Number: AP-29 Cross-Section: IV 
Elevation: Depth: 8.5m 


Loc. 90, boundaries not sharp 


ent 


Depth Deposit 
‘0.0 - 0.6 top soil sZ dark brown 
0.6-1.8 alluvium zs light gray 
18-28 marine sZ light gray 
2.8-4.8 marine sZ blue gray 
48-55 tough clay layer sZ dark gray 
5.5-6.3 paleosol sZ dark gray 
6.3-7.5 paleosol sZ dark brown to 


light brown 


7.5-8.5 paleosol sZ 

L 

| swumber: AP-30 Cross-Section: IV 
Elevation: Depth: 4.0m 
Location: Loc. 80 

Le 

aoa Deposit Texture Color 
0.0-0.9 alluvium dark brown 
0.9-2.2 marine sZ gray with yellow 

interlayers 

2.2—4.0 marine sZ blue gray 3.2 
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Miscellaneous 


interlayers 
abundant marine shell fragments, 
large rock in 2.3m 

very homogeneous, only 
complete large shells 
marine shells 


no shell fragments, nodules <2 mm 
abundant nodules <4 mm 


terrestrial snails 
marine organisms poorly 
consolidated 

Hellenistic, large shells in life- 
position, Cerastoderma 
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IV 
6.2m 


Miscellaneous 


Re 


top soil brown to 
dark brown 
0.4-0.9 alluvium sZ gray brown 
0.9 -2.6 alluvium Z gray brown 
interlayers 
2.6-4.4 marine sZ turquoise, light abundant nodules, especially in | 
to dark gray upper part 
44-50 marine, but Z dark brown 
with roots 
paleosol Z dark brown few nodules (<1 cm) 
paleosol Z orange brown tough, many nodules 
AP-32 Cross-Section: IV . ; 
Elevation: Depth: 4.0m 
between AP-15 and AP-23 
Color Samples Miscellaneous 


top soil brown 
0.5-1.3 alluvium sM gray/dark brown 
1.3-2.4 marine zs light gray 
marine dark blue gray 


Cerastoderma 


tough 


unconsolidated, large 


= 
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"Number: AP-33 Cross-Section: IV 
Elevation: Depth: 5.6m 
Location: Loc. 190, no clear boundaries 
F a 
Depth Deposit Texture 
0.0-0.4 top soil sZ 10YR3/3 
0.4-1.4 floodplain Z 10YR4/3 not very coherent 
1.4-2.1 floodplain gM gray/yellow 
alternating 
2.1-2.3 floodplain gM red/brown/ slight human impact, tracks of 
black sherds, little charcoal 
| 2.3-3.2 paleosol gM red brown nodules, tough, coherent 
B horizon with gray 
3.2-4.3 sand (beach, SwithZ,C 10YR5/4 35 M rocks in3.9m 
floodplain?7?) and rocks 
at places 
43-56 _ paleosol 2.5YR3/6 no nodules, very homogeneous 
(A horizon) 
| Nulbae: AP-34 Cross-Section: IV 
Elevation: Depth: 4.9m 
Location: 
Depth Deposit Texture Color 
0.0-0.4 top soil sZ gray brown . 
0.4-1.2 alluvium sZ gray brown traces of sherds in 0.6 m : 
i fine roots under 1.8m, 
8 i sZ light brown abundant 
1.2-2.5 alluvium eerie 
(25-35 subaqueous sZ blue gray many roots, snails, weathered 
rocks 
3.5-3.6 sand Ss similar to AP-33: 3.2 = 43 m 
3.6-4.6 paleosol M gray brown tiny original charcoal spots, very 
tough 
nodules 
46-4.9 paleosol M red to brown no 


i= 
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Miscellaneous 


alluvium 


brown 


0.3-1.1 marine sZ light gray 
and brown 

1.1 -5.7 marine zS blue gray 

5.7 -6.7 drowned soil Zz gray 

6.7 -7.2 paleosol Z gray 

7.2—8.0 paleosol Z light gray to 
yellow brown 


fine shell fragments, 
no shells in life position 


homogeneously distributed 
shell fragments 


no shell fragments, very 
homogeneous 

nodules 

many nodules c. 5 mm, tough 


> 
a 
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AP-36 Cross-Section: 
Elevation: Depth: 6.0m 
Loc. 145, clear stratigraphy 


Samples 


Miscellaneous 


top soil dark brown 


0.4-0.9 alluvium sZ light gray 
0.9-3.0 alluvium sZ yellow gray 
alternating 
3.0-4.5 marine sZ blue gray 
4.5-5.0 paleosol Z dark brown 
5.0 -6.0 paleosol Z red brown 


little humus 
few snails 


very tough, thick roots, 
nodules 2 mm 


tough, marine shells 
tough, marine shells 
tough, nodules 


Number: AP-37 Cross-Section: IV 
Elevation: Depth: 7.0m 
Location: Loc. 110, stratigraphy as in AP 33 
Depth Deposit 
0.0 - 0.4 top soil sZ dark brown containing humus 
| 0.4-0.9 alluvium sZ light gray tougher 
0.9-2.5 alluvium sZ alternating gray now and then roots, 
and brown layers shell fragments 
25-45 marine sZ blue gray not tough, shell fragments 
45-5.2 clayey layer M dark gray tough, very homogeneous 
5.2-6.0 paleosol sZ olive brown nodules from 6.2 m 
6.0-7.0 paleosol sZ orange brown nodules 5 mm 
\ 
Number: AP-38 Cross-Section: 
| Elevation: Depth: 
| Location: Loc. 50 
Depth : Deposit Texture 
'0.0- kshore deposit mS brown 
- ~ me a : mS blue gray uniform distribution of shell 
fragments 


Miscellaneous 


very dry, no humus 


zS gray brown no clay 
. brown with shell fragments and entire 
Patches shells 
blue gray very homogeneous, shell fragm- 
ents, few large organisms 
M gray 5.8 M very tough, sherd in 5.8 
undetermined, disturbed soil? 
no shells 
| M dark gray upper boundary unclear, 1 mm 
nodules 
paleosol Zz gray brown boundary unclear, 50% gravel 


or nodules 


Cross-Section: IV 
2 Depth: 6.0m 
on prisonground, right next to railroad-tracks 


aE 


gM gray brown 


plowed 


alluvium (g)sM 10YR3/3 no humus, effected by plough 
0.4m sherd tracks in 0.4 
ty 2.5Y4/4 
in0.7m 
alluvium (g)M 2.5Y4/2 tracks of sherds in 1.1, 1.3 & 
> 1.5 m, snails 
soil A horizon (g)M 2.5Y4/2 many tiny roots, snails, perhaps 
i i Sead 
gM 2.5Y5/4 roots 
(g)M 2.5Y4/2 snails 
G gray brown 3.5 M gravel at top, sand at bottom 
(g)mS 2.5Y5/4 no marine organisms 
3 M 5YR4/6 55 § few nodules, roots, in 6 m 


clear B-horizon 


AP-41 


Depth: 
Kefalari — Nea Kios 


top soil sZ 
0.4-0.8 soil, perhaps sZ 10YR4/2 
originally subaqueous 
0.8-1.2 subaqueous M blue gray 
12-35 subaqueous M 5BG4/1 32 M 
light gray 
35-36 peat z dark brown 3.6. 14 
3.6 — 4.0 lakustrine M 
40-44 lakustrine M 
44-45 peat dark brown 
4.5-5.0 lakustrine M light gray 


soil 


top soil sZ 
0.4-1.1 subaqueous Z black 
1.1-2.2 subaqueous M light gray 
subaqueous Zz 


subaqueous 


soil 
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AP-43 Cross-Section: | 
Elevation: Depth: 6.2m 
220 m in front of Magoula, clear stratigraphy 


= 


Samples Miscellaneous 
top soil dark brownto 0.5 plowed, humus, snails, white 4 
black layer in0.4m 
0.5-2.0 alluvium M light brown A OS many snail shells, sherd in 
0.8 m not datable 
2.0-2.2 subaqueous M blue brown 
2.2-2.6 subaqueous M light blue 25 M 
26-28 paleosol Zz gray brown snails, few rocks 
A horizon 
2.8-4.9 paleosol Z brown very homogeneous, no snails, | 
no nodules 
4.9-5.2 paleosol M yellow / dark very tough, no nodules 
A horizon brown 
§.2-6.2 paleoso! Z red brown 6.0 S$ nodules 
B or C horizon 
AP-44 Cross-Section: Z| 
Elevation: Depth: 2.3m 
behind Magoula benchmark 
Texture Color Samples Miscellaneous 


gM dark brown 


(g)M brown 


homogeneous, snails, no lake 
homogeneous, fine snail shells, 
fragments, not datable sherds in) 
1.5-1.7m 
rounded 
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Number: AP-45 Cross-Section: | 
Elevation: Depth: 7.3m 
Location: Mili, sea food restaurant, 200 — 300 m from the sea 
Depth Deposit Texture 
0.0—1.0 top soil black 
1.0-1.2 subaqueous M blue brown 
1.2-1.5 humus black 
1.5-3.0 subaqueous Z gray 2.0 
3.0-3.2 peat 3.0 
3.2-5.2 humus Z brown 4.0 
5.0 
| 5.2-5.5 subaqueous Zz brown 
|5.5-6.4 marine Z 6.0 
|6.4-7.3 soil gray brown 
| Number: AP-46 Cross-Section: 
Elevation: Depth: 2.0m 
Location: Road toward Skafidaki (Mili / Kefalari) 
+ 
Depth Deposit Texture 
"0.0 —1.0 top soil M 
1.0-2.0 alluvium gM 
' Number: AP-47 Cross-Section: 
Elevation: Depth: 2.0m 
Location: Road toward Skafidaki (Mili / Kefalari) 


Deposit 


0.0-1.0 


top soil 
alluvium 


113 


rich in humus, bog, former lake, 
roots, HoS-smell 

very tough, Helicella 

roots 

tough, many roots, in 1.5 m green 
possible sherd, snails in layers 


much organic matter, no snails 
plants, Helicella 
very tough in 7.3m 


no change in deposits 
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AP-48 Cross-Section: 
Elevation: Depth: 2.4m 
250 m towards the sea from site AP-46 and AP-47 


Miscellaneous 


plowed, slightly tough, human 
impact 

old shore 

with increasing depth lighter 


and more gravel 


Color Samples 
top soil dark brown : 
0.2-0.5 subaqueous M gray brown 
0.5-2.4 alluvium gM brown 
gravel 
AP-49 Cross-Section: ll 
Depth: 6.5m 


approximately 500 m off the beach in Nea Kios, clear stratigraphy 


Texture Color Samples 


top soil sZ dark brown 


Miscellaneous 


contains Helicella sp. 
nodules 4 mm, roots 


very homogeneous, no organisms, 


more clay with greater depth 
few shells, tough, 4.0 — 5.0 
gray, roots in 5.0m 

roots, organic matter, 
14C-sample: 3820 + 100 BC 


A horizon 

0.9-1.8 present soil Z reddish brown 
to yellowish 

18-25 alluvium sZ brown 
2.5 —-5.0 subaqueous sM turquoise 

peat black 5.8 14¢ 
Number: AP-50 Cross-Section: ll 
Elevation: Depth: 42m 


1,800 m from the sea, between Nea Kios and Argos 


Color 


alluvium sZ black / brown 
1.9-2.9 alluvium sZ gray brown 
2.9 -4.0 lakustrine M turquoise 3.8 M 


peat black 


Miscellaneous 


apparently used for a long time, 
not datable sherd in 1.8 m, 
charcoal 

few snails, small nodules 

very tough, snails rare 
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Number: ‘AP-51 : Cross-Section: il 
| Elevation: Depth: 7.5m 
| Location: 600 m north of the hole AP-50, 150 m distance from the road curve 
F Depth Deposit Texture 
ae 1.0 top soil_— zs dark brown dry 
1.0-1.6 soil A horizon sZ very dark-brown homogeneous, appearance like 
the standard top soil 
1.6-2.5 soil (or alluvium) M dark brown tough 
B horizon 
| 2.5—-3.1 alluvium M gray / brown 
C horizon 
3.1-5.8 subaqueous Z turquoise to very tough, partly with snail 
light anthrazit shells 
5.8 -—6.7 peat black not coherent 
6.7 -7.6 subaqueous 7 dark gray contains wood, but no other 
organic matter 
Number: AP-52 Cross-Section: il 
Elevation: Depth: 5.5m 
Location: 200 m from drill-hole AP-I, same stratigraphy; sherds in 2.1 m and 2.2m 
Depth Deposit Texture 
0.0-1.8 top soil sZ dark brown 
1.8-2.0 soil A horizon M very dark contains Helicella fragments 
2.0-3.0 soil sZ dark brown ray Lae post-LH 
| 23 C post-LH 
3.0-4.9 alluvium M brown very tough, many roots, 
homogeneous, nodules 2-3 mm 
4.9-5.5 subaqueous bluish 
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AP-53 
Elevation: Depth: 5.0m 
Pronia, Nauplion 


=! 
Samples Miscellaneous 
top soil sZ dark brown plowed 7 
0.5-1.5 alluvium sZ brown tough 
1.5-3.2 paleosol sZ dark brown small nodules 
paleosol sZ black 40 §S nodules 
red soil M bright red homogeneous, tough, few nodules 


Samples Miscellaneous 


10YR3/3 


top soil 


0.7 -2.6 alluvium sZ 10YR4/3 

2.6-3.1 marine Z 10YR3/1 

3.1-3.5 peat / clay 10YR2/1 
interlayers 

3.5-6.3 subaqueous zS 5Y4/1 

6.3-7.7 peatmoss black 

7.7-89 subaqueous M 10YR4/1 


soil 10YR4/1 


plowed 
with incipient soil form 
abundant organic matter, 
shell fragments 
interfingering white under- 
clay and snails 
well sorted, homogeneous 
6.8 S$ biodegraded woody material, 
72-146 very light, 14¢-sample in7.2m 
74 S$ 


homogeneous 


nodules 5 mm 


Cross-Section: 
Depth: 


alluvium 


10YR3/3 
soil sil 5YR3/4 


Samples Miscellaneous 
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Number: AP-67 Cross-Section: 
Elevation: Depth: 
Location: Argos 
| Depth Deposit Texture 
0.0-1.0 topsoil sil 
1.0-1.6 disturbed sil P 
1.6-2.4 disturbed sil 10YR3/3 16 C Classical / Hellenistic 
19 C LH or older 
2.0 C LH or older 
24--F 2.4 m: strong human impact 
2.4-5.9 subaqueous M 10YR3/1 5.8 M no macrofossils, sharp transition 
5.9-6.7 soil sC 7.5YR4/2 64 S$ no nodules, homogeneous, 
slightly mottled 
6.7 -7.0 soil sil 7.5YR4/4 very different from above, 
nodules 2 mm 
Number: AP-68 Cross-Section: 
Elevation: Depth: 
| Location: Magoula 
on 
Depth Deposit Texture Color 
| 0.0 -—0.7 top soil sil 10YR3/2 homogeneous, plowed, few 
sherds 
| 0.7-0.9 disturbed sil 10YR2/2 08 P very dark brown 
10.9-3.7 alluvium sil 10YR4/4 09 C EH 
| 1.4 C (not datable) 
| 3.7-4.0 soil gM 7.5YR3/4 pebbles 1-3.5 cm, mottled red 
and gray, consolidated 
Number: AP-69 Cross-Section: 
Elevation: Depth: 2.6m 
Location: Magoula 
2 
Depth Deposit Texture Color 


0.0-0.8 top soil 
0.8 - 2.4 alluvium 


2.4-2.6 soil 


sil 10YR4/2 
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AP-70 Cross-Section: | 
Elevation: Depth: 1.0m 
; Magoula 
Color Samples Miscellaneous 
top soil 10YR3/2 a ; 
alluvium 10YR4/2 0.8 P much gravel, fan or river deposit 
AP-71 Cross-Section: IV ; a e hs: 
Elevation: Depth: 2.5m 
Tiryns, prison 
Color Samples Miscellaneous 
top soil 10YR3/4 = | 
0.5-1.4 alluvium gmS 10YR4/3 
1.4-2.0 alluvium sil 10YR4/3 2.2 M 
beach? Ss 2.5YR5/4 
AP-72 Cross-Section: IV eed || 
Elevation: Depth: 5.5m 
Tiryns, prison 
Texture Color Samples Miscellaneous | 
| 
top soil sil 10YR3/3 pebbles 3—4 om | 
1.0-2.9 alluvium gmS 10YR4/4 containing little, weathered 
sherds 
2.9-4.1 sand mS 10YR4/4 beach? 
41-48 soil Cc 7.5YR4/4 with broken tiny sherds 
soil 5YR4/6 5.3 S$ 
Number: AP-73 Cross-Section: IV 
Elevation: Depth 0.6m 
Location: Tiryns, prison 
Depth Deposit Texture Color Samples Miscellaneous 
0.0-0.6 top soil sil contains gravel, big rock in 0.6 
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Number: AP-74 
Elevation: 
Location: Tiryns, prison 
Depth Deposit 
00-08 topsoil parent material not recognizable, 
prisoners say "red soil” begins 
in 0.5 m, contains gravel 
| Number: AP-75 Cross-Section: 
| 
Elevation: Depth: 
Location: Little Profitis llias 
L = 
Depth Deposit Texture 
0.0-0.8 alluvium, perhaps gS 10YR3/4 
fan 
| 0.8-3.6 alluvium sil 10YR3/4 contains sherds in lower part, 
not datable 
| 3.6-4.7 soil sil 7.5YR3/4 deep red, frequent sherd traces 
| Number: AP-76 Cross-Section: 
Elevation: Depth: 5.0m 
Location: Little Profitis llias 
Depth Deposit Texture 
0.0-1.4 floodplain deposit mS 10YR4/4 homogeneous 
|1.4-2.4 floodplain gmS 10YR3/4 similar to above 
2.4-5.0 levee gmS 10YR3/4 3.5 C LH IIB 
Number: AP-77 Cross-Section: il 
Elevation: Depth: 1.0m 
Location: Dalamanara 
Depth Deposit Texture Color Samples Miscellaneous 
0.0-1.0 soil sil 7.5YR4/4 04 C and on surface: Byzantine, 
plowed, very consolidated 


120 AUGER CORE DESCRIPTIONS 


alluvium 10YR3/3 
1.0-—1.6 alluvium G 10YR3/4 


Samples Miscellaneous 
10YR4/3 monotonous ort 
10YR3/3 46 M mottled with few roots, tough 
10YR3/4 6.3 S 
5YR4/4 nodules 
Cross-Section: ll 
Elevation: Depth: 6.2m 
Color Samples Miscellaneous 
top soil 10YR3/3 
1.0-2.1 alluvium sil 10YR4/3 
2.1=-3.3 disturbed sil 10YR3/3 22. ¢ Neolithic, many sherds, slight 
black color, not a true site 
3.3 — 4.2 sand cS 10YR3/3 38° S mottled with black, unique sed. 
4.2-5.0 subaqueous M 10YR4/4 42 S$ 
5.0 — 6.0 soil M 7.5YR4/4 48 S$ no nodules 
soil (g)M 5YR4/6 62: -S nodules 1 cm 
Number: AP-80 Cross-Section: Vv 
Elevation: Depth: 1.6m 
Location: Little Profitis llias 
Texture Color Samples Miscellaneous 


homogeneous, one 6 cm rock 
grain supported, matrix is sand 
from above 
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Number: AP-81 Cross-Section: 
Elevation: Depth: 
Location: Dalamanara 
— 
Depth Deposit 
| 0.0 - 2.1 alluvium 7.5YR4/6 
2.1-2.6 alluvium sM 10YR3/3 
26-28 disturbed sM 10YR3/2 
2.8 - 4.1 alluvium gS 10YR4/3 mottled gray and yellow, soft 
nodules 
4.1-4.6 alluvium gS 10YR3/2 very dark 
46-4.9 marine mS 10YR3/2 48 C Neolithic-MH, 
49-59 soil mS 10YR3/2 48 S$ shells, charcoal, no gravel, no 
nodules, may be disturbed 
5.9-7.0 soil sil 7.5YR4/6 mottled orange and black, con- 
solidated no gravel, no nodules 
[ Number: AP-82 Cross-Section: 
Elevation: Depth: 
Location: Argos 
= Deposit Miscellaneous 
‘0.0 -1.6 alluvium M 10YR3/4 
1.6-2.2 disturbed (g)M 10YR4/2 1.6- Archaic and later, many sherds, 
2:06 gray color, margin of an archaic 
and younger site 
22-41 alluvium sG 10YR4/4 lower 0.5 m sandy 
41-47 subaqueous S 10YR3/3 44 M 
4.7-5.0 soil gmS 7.5YR4/6 consolidated, mottled red and 


black 
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101 Cross-Section: 7.0 | Number: 103 Cross-Section: 
Elevation: ca. 1.5m Depth: 6.0m Elevation: 5.0m Depth: 5.0m 
Tiryns, prison, W of Tiryns, close to Schliemannallee Location: 75/LXXI, inner prison, close to Graben F 
; - 
Color Samples Miscellaneous Depth Deposit Texture 
top soil 10YR3/2 , | '0.0-1.4 disturbed soil gms 10YR4/4 Cc rich in pebbles 5 — 10 cm; no 
0.5-1.3 swamp deposit Zz 10YR4/1 10 ¢ distinct human impact. Sherds: 
1.3-3.1 alluvium Z 10YR5/3 alluvium, greyish on top and 1.2 C 0.7 and 1.2: LH III; 1.0: EH Il 
10YR5/4 bottom, recording regression 1.4-3.2 alluvium sZ 10YR4/4 18 C no recognizable human impact, 
10YR5/3 and transgression of the lake slightly sandy. 1.8: LH Ill 
3.1-3.5 subaqueous M 10YR2/1 roots, organic, swamp, rich in 3.2-4.1 disturbed soil gmS 10YR3/3 3:7-¢ greyish, containing pebbles (not 
freshwater clay | quite an A-horizon). 3.7: LH Ill 
3.5 -3.9 swamp M 10YR4/1 drier, less deep than above 14.1-4.5 disturbed soil gmS 10YR3/3 many pebbles 5 cm, similar to 
3.9-5.0 soil silt 10YR4/4 brown, early Holocene soil above, more gravel, hard to 
soil 7.5YR4/6 Pleistocene 4.5-5.0 soil (Pleistocene) sZ 5YR4/6 45 C weathered, ophiolite and sand- 
=e 10YR4/2 for stone pebbles in red bed matrix, 
greyish part undisturbed. 4.5: LH 
102 Cross-Section: ; : 
Elevation: ca. 5.5m Depth: 5.5m 
400 m N of Tiryns, E of the road to Argos | Number: , 104 ; Cross-Section: 
| Elevation: 10m Depth: 6.8m 
Color Samples Miscellaneous Location: Tiryns, 70 m N of the road to Kofini, 160 m E of entrance to Tiryns 
artificial fill z 7.5YR3/4 : [ 3 
16-28 alluvium z 10YR5/4 yellowish and brown with some | Bort pero — oo 
roots | 0.0-0.3 top soil gmS 7.5YR4/6 
2.8-3.5 sandy alluvium zs 10YR5/6 undiagnostic sherds in 3.1m 1.9 Idol 
3.5-4.9 alluvium sZ 10YR4/4 incipient soil development, tough) 2.1 Idol 
4.9-5.5 soil sil 5YR4/4 very tough 0.3 -4.2 alluvium gmS 10YR4/6 3.2-4.0 yellowisher than the rest of the 
core. 1.6 — 2.5: EH — LH Ill; Idol: 
LH Ill B2 
in 2.2 m burnt horizon, alluvium 
with many sherds and gravel. 
Sherds: EH — LH III B/C 
42-49 disturbed soil (g)mS 10YR3/3 43-49 human impact, abundant sherds, 
clayey. Sherds: EH -LH III B/C 
4.9-5.9 soil sil 7.5YR4/4 at 4.9 m is the only sharp 
boundary in this core, below that 
no pottery 
5.9-6.8  soil(Pleistocene) _ sil 5YR4/6 transitional boundary from 
Pleistocene red bed to early 


Holocene 
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105 Cross-Section: 
Elevation: 8.5m Depth: 1.2m 
29/LXXI, well 50 m from the north tin of the Tiryns fortification 


Miscellaneous 


7.5YR3/2 


single pebbles 5 cm. Sherds: LH 


very similar to above, probably 
not two units — single pebbles 
5 cm and 1 cm. Sherds: LH III 


ian — 


Miscellaneous 


0.5 C 
10YR3/4 09 C 
1:2: © 
106 Cross-Section: 
Elevation: 8.5m Depth: 7.3m 
28/LXX, 5 m from 105, 50 m N of Tiryns 
Samples 
alluvium 7.5YR3/2 
top soil 
0.4-1.9 buried top (g)mS 10YR3/3 1.2 C 
soil 1.6 C 
1TAC 
1.9 C 
1,9=5.1 alluvium Z 10YR4/4 22 C 
2.4 C 
2:6: C 
26 C 
§.1-6.2 soil sil 10YR4/4 §:7'° (C 
6.2-6.4 soil, A horizon sil 7.5YR3/4 
Pleistocene 


soil 5YR4/4 


greyish, slight human impact, 
disturbed. Sherds: LH III 


homogeneous, no human impact, | 
looks like it was deposited in 
one event. Sherds: LH Ill 


correlates to soil in G29 
boundaries below 5.1 m unclear 


no nodules, very tough 


homogeneous 
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Number: 
Elevation: 
Location: 


107 Cross-Section: 
Depth: 1.5m 
80/XXXVI, Tiryns, prison, 50 m SW of Pieteros excavation 


Deposit Texture 
0.0 -0.7 top soil gM 10YR3/3 strongly disturbed 
0.7-1.2 alluvium gM 10YR4/3 
1.2-1.5 gravel G 10YR4/3 1:3 ¢ gravel cannot be penetrated, 
pebbles <5 cm, rather well 
sorted. Sherd: EH ? 
Number: 108 Cross-Section: 
Elevation: 4.0m Depth: 6.0m 
‘Location:  49/XLV, 50 m E of the road Argos/Nauplion, at Tiryns 
| 
Depth Deposit Texture 
0.0 -03 : A horizon Z 10YR3/2 present top soil 
| 0.3-0.8 incipient Z 10YR4/3 homogeneous alluvium, 
B horizon undisturbed 
0.8-—1.6 alluvium (g)mS 10YR4/4 1.0 C LH Ill B/C (early) 
1.6-2.8 alluvium Z 10YR4/4 
2.8-3.2 disturbed (g)mS 10YR4/2 
alluvium 
i il in the middle of the 
3.2-3.9 strong human (g)mS 10YR3/2 disturbed soil 
| impact alluvium; no real site 
3.9-4.8 alluvium Z 10YR5/4 alluvium is similar as in 0.8 -2.8 
|4.8-5.1 top layer sicl 7.5YR4/4 no real A-horizon 
Pleistocene soil 
5.1-6.0 Pleistocene soil 5YR4/4 
Number: 109 Cross-Section: 
Elevation: 10.0m Depth: 2.9m 
=. 49/LXXIV, 60 m E of Tiryns’ wall 
Miscellaneous 
Depth Deposit Texture Color Samples 
0.0-0.3 top soil gmS 10YR3/3 ae 
0.3-2.9 alluvium gmS 10YR4/3 much pec bed sia 
EH-LH Ill; many rocks up 
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110 Cross-Section: 
Elevation: 9.9m Depth: 1.4m 
48/LXXX, 120 m E of Tiryns 


10YR4/2 


0.8-1.4 alluvium (g)mS 7.5YR4/6 


Samples Miscellaneous 

04 C disturbed soil, 0.4: LH Ill B/C 
(early) 

0.7 C Byzantine, LH Ill A/B (early) 


rocks in 0.7, 0.8, and 1.4m 


111 Cross-Section: 
Elevation: 6.5m Depth: 6.0m 


Color 


12/LX, road Tiryns/Agia Triada at cross junction to Kofini 


Samples 


Miscellaneous 


artificial fill 10YR3/3 


0.9-1.3 alluvium (g)sM 10YR4/4 

1.3-1.8 overbank gS 10YR4/2 
deposit 

1.8-2.4 sandy alluvium SM 10YR4/4 

2.4-3.5 soil sil 10YR4/3 

3.5 —5.6 alluvium Z 7.5YR4/6 

5.6 — 6.0 soil sicl 7.5YR3/4 


dark colored fill, people report 


| 
| 


fill from the work at Tiryns, few | 


small sherds 


sand, coarse — close to stream 
bed 


might be correlated to soil 
(Neol.) in G29 
floodplain 


Pleistocene 


Number: 112 
Elevation: 


Cross-Section: 
ca. 2.6m Depth: 3.0m 


21/XXXiIll, N of Tiryns, 40 m W of railroad, 30 m S of junction road — railroad 


alluvium M 


7.5YR4/6 


0.8 —1.0 buried Z 10YR3/3 
A horizon 

1.0-3.0 inundated sil 7.5YR4/6 
soil 10YR5/1 


Samples 


Miscellaneous 


recently disturbed (deep 
plowed orange orchard) 
undiagnostic sherd, human 
impact, disturbed 

mottled grey and orange colors; 
nodules 5 mm, very tough 
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| Number: 113 Cross-Section: 
Elevation: Depth: 28m 
Location: Tiryns, prison, 120 m W of drill hole P 
| Depth Deposit Texture 
(0.0 -0.4 top soil 10YR3/3 much disturbed, deep ploughed 
|0.4-1.3 alluvium gmS 10YR4/3 abundant pebbles 3 cm 
1.3-2.7 alluvium gmS 7.5YR4/4 same material as above, slightly 
brighter orange; no sherds, no 
impact 
2.7-2.8 site G many pebbles >5 cm, one sherd 
L — 
Number: 114 Cross-Section: 
Elevation: ca. 3.0m Depth: 5.0m 
Location: 20 m W of railroad, opposite to Tsegrekos 
Depth Deposit Texture Color Samples Miscellaneous 
0.0-0.5 A horizon gmS 10YR3/2 
0.5-0.8 flood plain gmS 20YR3/4 coarser than usual 
deposit 
(0.8-1.3 alluvium 2S 10YR3/3 fine grained 
11.3-2.5 subaqueous M 10YR3/1 1.8 C peat at 2.5 m, coarsening upwards 
freshwater deposit only freshwater organisms, 
swamp in the abandoned 
Mycenean channel. Sherd: Late 
Roman/Byzantine 
2.5-3.4 clay Cc 5Y4/1 2.6 C LH 
3.4-3.8 transition from soil Cc 5Y4/1 
to clay 10YR4/4 
consolidated, shows soil 
3.8 - 4.6 alluvium M 10YR4/4 
development 
4.6-5.0 soil sil 7.5YR4/4 Pleistocene or earlier Holocene, 
might be correlated with Neolith 
soil in G29, no sherds 


0.5 -0.9 
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115 
9.4m Depth: 


disturbed top gmS 
soil 
alluvium (g)mS 


gravel msG 


AP-S Cross-Section: 


7.0m Depth: 


Cross-Section: 


1.5m 


58/LXxXI, Tiryns SE, 30 m of junction at ticket box 


Color Samples Miscellaneous | 

10YR3/4 irrigation pipe 

10YR4/4 05 C apparently undisturbed, much 
gravel. Sherd: LH III A/B (early) 

10YR4/4 pebbles 


7.2m 
64/LXXIll, Tiryns, prison, 15 m W from road in the north, 100 m S of Tiryns exit 


Color Samples Miscellaneous 
coarse overbank gmS 10YR4/4 1:65 surface disturbed 
loam and gravel 
river gravel G 10YR4/4 2.0 S$ stream, gravel, supported < 5 cm| 
soil sil 7.5YR4/4 3.0 S comparable to Neol. soil in G29, 

no gravel, sharp upper boundary 

soil 5YR4/4 44 S$ from 4.0 — 5.0 m gradual change | 
(Pleistocene) 5YR4/4 53 $ to Pleistocene soil 

5YR4/6 

5YR4/4 63 S$ 

5YR4/6 72 S$ 
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Number: 


Location: 


Elevation: 


AP-T Cross-Section: 
ca.3m Depth: 7.3m 
74/XXXVI, old Tiryns railway station, 30 m S of Schliemann Allee 


Deposit Texture Color 


fill msG 10YR3/3 

struction 
stream deposit msG 10YR5/4 22 S$ lower boundary unclear 
alluvium gmS 7.5YR4/4 


(overbank sand) 


inundated over- sZ 
bank loam 
alluvium M 
soil (Pleistocene) sicl 
Number: AP-U Cross-Section: 
Elevation: 7.8m Depth: 5.5m 
Location: 30/LXIII, Tiryns, 20 m N of north end of Acropolis 
(ea 
Depth Deposit Texture 
0.0-0.2 top soil, alluvium zs 10YR3/3 
0.2-2.8 buried A horizon Z.msG,G 10YR2/1 15 $ many sherds, settlements, walls 
23 S$ of houses, strongly disturbed soil, 
A-horizon characteristics 
2.8-5.0 stream deposit G 10YR4/2 3.2 S stream gravel 


msG 


weathered bedrock 
bedrock 


sherds, Hellenistic rooftiles 


abundant 
calcite 
Cerastoderma 
compounds 
concretions 
encrustations 
fine 

iron oxides 
foraminiferes 
fragments 
land snails 
marine 
microfossils 
ostracodes 
oysters 
possibly 
predominantly 
rounded 
shell 

sorted 
unrounded 
unsorted 
white 


Sand fractions which are not described here were 
preparation and are stored in the Senckenberg 
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